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THE METABOLIC FATE OF SOME PHENOLIC COMPOUNDS IN THE RAT
CHAPTER I  
INTRODUCTION
Coumarin and f lav o n o id  compounds a re  w idely  d i s t r ib u te d  in  
n a tu re .  The consequent in ta k e  o f  c e r t a in  o f  th e se  compounds in  foods, 
c ig a r e t t e  smoke (1 ) ,  and some p h arm aceu tica ls  le ad s  to  an i n t e r e s t  in  
th e  m etabolism  o f th e se  compounds.
Many in v e s t ig a to r s  have concerned them selves w ith  th e  metabo­
lism  o f  f lav o n o id  compounds and w ith  t h e i r  p h y s io lo g ic a l  p ro p e r t ie s ;  
many d i f f e r e n t  p r o p e r t ie s  ran g in g  from r a d ia t io n  p r o te c t io n  to  b i r t h  
c o n tro l  (2) have been a t t r ib u t e d  to  them.
R eports on th e  m etabolism  o f f la v o n o id  compounds o f te n  have 
been c o n tra d ic to ry .  G arino (3) and Fukuda (4) have re p o r te d  th a t  th e se  
compounds a re  e x c re te d  unchanged in  th e  u r in e .  In  c o n t r a s t ,  Murray e t  
a l . (5) and P e tr a k is  e t  a l . (6) have re p o r te d  some o f  th e  breakdown 
p ro d u c ts  found in  th e  u r in e  o f anim als g iven  f la v o n o id s .
The m etabolism  o f  q u e rc e tin  i s  p a r t i c u la r ly  in t e r e s t in g  be­
cause no one has been a b le  to  account f o r  what happens to  th e  p o r t io n  
o f  th e  m olecule th a t  c o n ta in s  th e  p h lo ro g lu c in o l n u c leu s . K a llia n o s  
(7) re p o r te d  th e  p re sen ce  o f  r a d io a c tiv e  p h lo ro g lu c in o l and p h lo ro ­
g lu c in o l c a rb o x y lic  a c id  in  th e  anim al stomach a f t e r  th e  anim al had
2been g iven  random la b e le d  q u e rc e tin  by stomach tu b e . On th e  o th e r  
hand, M asri e t  a l . (8) s ta t e d  th e se  compounds were p ro d u c ts  o f  th e  
procedure  r a th e r  th a n  o f  th e  anim al.
The only o th e r  r e p o r t  o f  f in d in g  a p a r t  o f  th e  p h lo ro ­
g lu c in o l n u cleus  from a f la v o n o id  compound was by Watanabe (9) in  
Japan . In  th a t  c a se , r a b b i t s  w ere g iven  ( / )  c a te c h in , and & -(3 , 4 - 
d ih y d ro x y p h e n y l)-V -v a le ro la c to n e  was i s o la te d  from th e  u r in e  and 
id e n t i f i e d .  Watanabe a lso  p o s tu la te d  a m e tab o lic  p a th  by which th e  
m olecule cou ld  be produced.
One o f  th e  prim ary  purposes o f  t h i s  re s e a rc h  has been to  
h e lp  c l a r i f y  th e  co n fu s io n  reg a rd in g  th e  m etabolism  o f  q u e rc e t in .
I t  was hoped th a t  t h i s  c l a r i f i c a t i o n  cou ld  be a id ed  by id e n t i f y in g  
th e  q u e rc e tin  breakdown p ro d u c ts  in  th e  u r in e .  T his re s e a rc h  a lso  
made u se  o f  a s y n th e t ic  d ie t  which should  h e lp  c l a r i f y  p rev io u s  
s tu d ie s  such as th o se  o f  Murray e t  a l . which used a n a tu ra l  d i e t .
W hile th e  s y n th e t ic  d ie t  i s  alm ost devoid  o f  p h e n o lic - ty p e  compounds, 
th e  n a tu ra l  d ie t  has c o n s id e ra b le  amounts o f th e se  compounds which 
appear in  th e  u r in e  even o f  th e  c o n tro l  an im als.
A nother endeavor o f  t h i s  re s e a rc h  has been to  expand th e
t
s tu d ie s  o f K a llia n o s  (10) on th e  e f f e c t  o f g a s t r i c  mucin p r e p a ra t io n s .  
I t  was hoped th a t  th e  a d d i t io n a l  s tu d ie s  would prove w hether th e  b reak ­
down was enzym atic as w e ll as w hether th e  breakdown was o p e ra t iv e  in  
th e  l i v e  an im al.
Of r e la te d  i n t e r e s t  to  th e  re s e a rc h  fo r  t h i s  paper was th e  
i d e n t i f i c a t i o n  o f  th e  q u e rc e tin  m ethyl e th e rs  i s o la te d  from to b acco . 
Dunlap (11) had found compounds s im ila r  to  th e  q u e rc e tin  m ethyl e th e rs
3in  commercial r u t i n ,  and commercial r u t i n  has been u t i l i z e d  by 
many re se a rc h e rs  in  p h y s io lo g ic a l experim en ts. A lso, th e  id en ­
t i f i c a t i o n  was o f i n t e r e s t  because th e  co v erin g  o f c e r t a in  o f  th e  
hydroxyl groups o f  q u e rc e tin  appears to  modify th e  m etabolism  o f 
th e se  compounds in  th e  an im al.
R e la tiv e ly  l i t t l e  re se a rc h  has been perform ed p re v io u s ly  
on th e  u r in a ry  m e ta b o li te s  o f  coum arins. Thus, one o f  th e  prim ary 
aims o f  t h i s  a u th o r 's  work has been to  id e n t i fy  th e  u r in a ry  m etabo­
l i t e s  o f  e s c u le t in ,  e s c u l in ,  and s c o p o le t in .  This in c lu d es  th e  
m e ta b o lite s  th a t  a re  p re s e n t only in  sm all amounts. W illiam s has 
s tu d ie d  th e  fo rm ation  o f g lu cu ro n id es  and s u l f a t e s  o f e s c u lin ,  
coum arins, and some hydroxy coum arins (1 2 ), (1 3 ), (14 ); however, 
i t  i s  hoped th a t  th e  re s e a rc h  re p o r te d  in  t h i s  paper w i l l  he lp  
c l a r i f y  th e  m e tab o lic  f a t e  o f  th e  hydroxy s u b s t i tu te d  coum arin 
compounds.
CHAPTER II
THE ISOLATION AND IDENTIFICATION OF THE URINARY METABOLITES 
OF SCOPOLETIN IN THE ALBINO RAT
S y n th esis  o f  S c o p o le tin  (7-hvdroxv-6-m ethoxvcoum arin)
To 25 g. o f  e s c u lin  d is so lv e d  in  500 ml. o f  a b so lu te  e th an o l 
were added 12.8 g. o f  sodium b ic a rb o n a te  and 13.0  g . o f  benzy l c h lo r id e .  
A fte r  th e  r e a c t io n  m ix tu re  had been re f lu x e d  fo r  48 hours on a  steam  
b a th , th e  s o lu tio n  was allow ed to  c o o l, and th en  one l i t e r  o f  w ater 
was added. The r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  and d r ie d , m e ltin g  
p o in t 182° C. (1 5 ). The y ie ld  f o r  t h i s  s te p  was no t c a lc u la te d  b e­
cause o f  th e  d i f f i c u l t y  encoun tered  in  d ry in g  th e  p r e c i p i t a t e  com­
p le te ly .
The 7-benzy l e s c u l in  (30 g .)  was th en  hydro lyzed  u s in g  500 
m l. o f  TU s u l f u r ic  a c id -w a te r  w ith  h e a tin g  on a steam  ba th  fo r  s ix  
h ou rs . The h y d ro ly sa te  was th en  coo led  in  th e  r e f r i g e r a to r  (4° C .) .
The r e s u l t in g  w h ite  p r e c ip i t a t e  was r e c r y s ta l l i z e d  by s o lu t io n  in  
m ethanol and a d d it io n  o f  w ate r u n t i l  c lo u d in e ss  r e s u l t e d .  P r e c ip i ­
t a t io n  was com pleted w ith  c o o lin g . The r e s u l t in g  w h ite  p r e c i p i t a t e ,  
a f t e r  d ry in g , m elted  a t  192° C. The m e ltin g  p o in t re p o r te d  in  th e
l i t e r a t u r e  fo r  7 -benzyl e s c u le t in  i s  192-193° C. (1 6 ) . The o v e ra l l
y ie ld  f o r  th e  f i r s t  two s te p s  in  th e  sy n th e s is  i s  72%.
The 7 -benzy l e s c u le t in  (1 4 .2  g .)  was d is so lv e d  in  300 m l.
4
5o f d ry  ace to n e , and 21.8  g. o f  anhydrous po tassium  ca rb o n a te  and 14.6 g. 
o f  d im ethy l s u l f a t e  were th en  added. A fte r  th e  r e a c t io n  m ix tu re  was r e ­
f lu x e d  fo r  e ig h t  hours on a steam  b a th , i t  was f i l t e r e d  to  remove th e  
in o rg a n ic  s a l t s ,  and th e n  th e  f i l t r a t e  was ev ap o ra ted  a t  room tem pera­
tu r e  u n t i l  only  25 ml. rem ained. W ater was added u n t i l  th e  7 -benzy l-
6-m ethyl e th e r  o f e s c u le t in  p r e c ip i ta te d  o u t. The p r e c i p i t a t e  was 
f i l t e r e d ,  and then  r e c r y s t a l l i z e d  from a m e thano l-w ater m ix tu re . The 
c r y s t a l s ,  when dry , gave a  m e ltin g  p o in t  o f 123° G. ( l i t e r a t u r e ,  123°
C. ) .  The y ie ld  fo r  t h i s  s te p  was 92%.
The 7 -b enzy l-6 -m ethy l e s c u le t in  e th e r  (1 3 .8  g .)  was d is so lv e d  
in  150 m l. o f  g la c ia l  a c e t ic  a c id  p lu s  75 ml. o f  c o n c e n tra te d  hydro­
c h lo r ic  a c id . A fte r  t h i s  d éb en z y la tio n  m ix tu re  was h ea ted  fo r  fou r 
hours on a steam  b a th , th e  so lv e n t was removed a t  reduced  p re s s u re .
The r e s u l t in g  p r e c i p i t a t e  was d is so lv e d  in  m ethanol and d ec o lo riz e d  w ith  
c h a rc o a l; th e  s o lu tio n  was allow ed  to  ev ap o ra te  s low ly  to  produce l i g h t  
ta n  c r y s t a l s .  The m e ltin g  p o in t o f  th e se  c r y s ta l s  was 205° C. compared 
to  l i t e r a t u r e  v a lu es  o f s c o p o le t in  ran g in g  from 204° C. (16) to  207° C.
(1 7 ) . The compound proved id e n t ic a l  w ith  a u th e n tic  s c o p o le t in  by paper 
chrom atographic com parison. I n f r a r e d  a b so rp tio n  cu rv es  o f  th e  s y n th e t ic  
s c o p o le t in  and in te rm e d ia te s  in  i t s  s y n th e s is  a re  in  F ig u re  1.
The paper chromatogram o f  t h i s  s c o p o le t in  p re p a ra t io n ,  when 
developed in  butanol-ethanol-am m onium  ca rb o n a te  b u f f e r  (40:11:19  v /v )
(1 8 ), re v e a le d  th e  p resen ce  o f  t r a c e  amounts o f  two o th e r  b lu e  f lu o ­
re s c in g  compounds. Because th e  s c o p o le t in  was to  be used  f o r  metabo­
lism  s tu d ie s ,  i t  was n ece ssa ry  to  e l im in a te  th e se  t r a c e  m a te r ia ls .  
R e c r y s ta l l i z a t io n s  from s e v e ra l  so lv e n ts  were t r i e d  w ith o u t su ccess .
FIGURE 1
INFRARED CURVES OF SCOPOLETIN AND OF THE INTERMEDIATES
IN ITS SYNTHESIS
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8The method th a t  was found to  work s u c c e s s fu lly  was to  d is s o lv e  th e  
s c o p o le t in  in  th e  l e a s t  p o s s ib le  amount o f  a  s a tu ra te d  s o lu t io n  o f 
sodium ca rb o n a te . The s o lu t io n  was th en  e x t ra c te d  s e v e ra l tim es w ith  
ch loroform  (100 ml. each) and th en  slow ly a c id i f i e d  w ith  h y d ro c h lo r ic  
a c id . A c id if ic a t io n  b rough t about th e  p r e c ip i t a t io n  o f f in e  w h ite  
n eed les  o f  s c o p o le t in .  These c r y s ta l s  d id  n o t c o n ta in  any b lu e  f lu o ­
re sc in g  su b stan ces  o th e r  than  s c o p o le tin  when examined by paper ch ro ­
m atography in  th e  afo rem en tioned  so lv e n t system . The y ie ld  fo r  th e  
d éb en zy la tio n  s te p  was 82%.
The o v e r a l l  y ie ld  fo r  th e  c o n ç le te  s y n th e s is  was 55%. The 
method o f  S esh ad ri (19) u t i l i z e s  a  s l i g h t ly  d i f f e r e n t  approach f o r  th e  
s y n th e s is  o f  s c o p o le t in ;  i t  n e c e s s i ta te s  s e p a ra t io n  o f  isom ers and g iv e s  
a  re p o r te d  y ie ld  o f  on ly  26%. In  our la b o ra to ry , however, th e  y ie ld  by 
th e  S esh ad ri p rocedu re  was co n s id e ra b ly  le s s  th an  26%.
D ire c t m é th y la tio n  o f  e s c u le t in  and a t o t a l  s y n th e s is  s t a r t i n g  
w ith  g u a iaco l (o-methoxy phenol) were a lso  a ttem p ted , bu t bo th  methods 
were found to  be u n s a t i s f a c to r y  fo r  s y n th e s iz in g  sc o p o le tin .
I s o la t io n  and I d e n t i f ic a t io n  o f  U rin ary  M etab o lite s  
o f  A lbino R ats Fed S c o p o le tin
Three fem ale a lb in o  r a t s  (Sprague-D aw ley), w eighing 250-300 g . ,  
were fed  a  v itam in  B com plete t e s t  d ie t  ( N u tr i t io n a l  B iochem icals Cor­
p o ra tio n )  fo r  a  p e r io d  o f  th re e  weeks. The u r in e  o f  th e se  r a t s  was 
c o l le c te d  under to lu e n e  and then  sp o tte d  on S & S #589 red  rib b o n  ch ro ­
m atographic paper (11 1 /2"  x 12 "). Each was th en  developed in  th e  f i r s t  
d i r e c t io n  in  c h lo ro fo rm -a c e tic  ac id -w a te r  (2 :1 :1  v /v , low er la y e r )  and 
th en  in  th e  second d i r e c t io n  in  20% po tassium  c h lo r id e -w a te r . The p ap er
9chromatogram was th en  ooserved  under long  w avelength u l t r a v i o l e t  l i g h t  
and found to  he f r e e  o f  b lue  t lu o re s c ln g  compounds.
The same anim als were th e n  re d  th e  same d i e t  as p re v io u s ly , 
but t h i s  tim e 1% s c o p o le t in  had oeen added to  i t .  The u r in e  trom  th e  
r a t s  to  which s c o p o le t in  had oeen te a  was t r e a te a  in  th e  same manner 
as cne c o n t ro l  u r in e .  When th e  chromatogram o r tn e  u r in e  rrom  th e  r a t s  
was checked under u l t r a v i o l e t  l i g h t ,  i t  was found to  c o n ta in  a t  l e a s t  
f iv e  sp o ts  th a t  f lu o re sc e d  b lue  (F ig u re  2 ) .
The chrom atographic s e p a ra t io n  o f  th e se  f lu o re s c e n t  compounds 
was accom plished  by s tre a k in g  th e  u r in e  on S & S #589 red  r ib b o n  ch ro ­
m atography p ap e r (7 1 /2" x 21") and th e n  develop ing  th e  chromatogram 
in  n -b u ta n o l-p y rid in e -b e n z e n e -w a te r  (5 :3 :1 :3  v /v , upper l a y e r ) .  F iv e  
d i s t i n c t  zones r e s u l te d ,  as shown in  F ig u re  3 . Zone 1 f lu o re sc e d  
b r ig h t  b lu e  under u l t r a v i o l e t  l i g h t  and i t s  c o lo r  was enhanced s l i g h t ly  
by ammonia v ap o r. Zone 2 was n o t v i s i b l e  under u l t r a v i o l e t  l i g h t  b u t 
gave a  re d  c o lo r  when sprayed  w ith  d ia z o tiz e d  s u l f a n i l i c  a c id  (20 ).
Zone 3 f lu o re s c e d  b lu e  under u l t r a v i o l e t  l i g h t  and appeared  to  be 
composed o f  two zones moving w ith  alm ost th e  same Rg v a lu e s . Zone 4 
f lu o re s c e d  p a le  y e llo w  under u l t r a v i o l e t  l i g h t .  Zone 5 was b r ig h t  
b lu e  f lu o re s c e n t  under u l t r a v i o l e t  l i g h t ,  and i t s  c o lo r  was enhanced 
by ammonia.
Zone 1 was f u r th e r  p u r i f i e d  by c u t t in g  th e  zone o u t o f 12 
chrom atogram s. These were then  s e p a ra te ly  sewn onto  c le a n  s h e e ts  o f  
S & S #589 re d  r ib b o n  chrom atography p ap er and developed a g a in  in  n - 
b u ta n o l- a c e t ic  a c id -w a te r  (6 :1 :2  v /v ) .  The d e s ire d  zone was th e n  c u t 
o u t and e lu te d  w ith  75% e th a n o l-w a te r . The combined e lu a te s  were
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FIGURE 2
TWO-DIMENSIONAL CHROMATOGRAM OF URINE FROM RAT FED 
DIET CONTAINING 1% SCOPOLETIN
•H
P-R•H
Br Bin
n -B u ta n o l-A c e tic  Acid-W ater (6 :1 :2 )
C olors Above Are in  U l t r a v io le t  L igh t
Br - B rig h t 
B - Blue 
R - Rose 
P - P u rp le
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FIGURE 3
CHROMATOGRAPHIC SEPARATION OF THE URINE OF RAT 
FED SCOPOLETIN
(C olors Are in  U l t r a v io le t  L ight)
n -B u tano l-P yrid ine-B enzene-W ater (5 :3 :1 :3 )
.Br B
n -B u tan o l-A ce tic  Acid-W ater (6 :1 :2 )
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Zone 6 
Zone 5
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'///////// Zones 3 and 4
Zone 2
Zone 1
75% E thanol 
Water
75% E thanol- 
Water
50% M ethanol- 
Water
B -  Blue 
Br -  B rig h t
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reduced in  volume in  v acuo . This c o n c e n tra te  was then  compared by 
ascending  chrom atography in  f iv e  d i f f e r e n t  s o lv e n t system s w ith  au th en ­
t i c  s c o p o le t in  and found to  be id e n t ic a l .
A p rocedu re  which would com plete ly  s e p a ra te  th e  two zones 
p re s e n t in  zone 3 was n o t found. The zone was th e re fo re  c u t ou t and 
e lu te d  w ith  th e  75% e th a n o l-w a te r . The e lu a te  was reduced  in  volume 
(10 m l.)  and th en  hydro lyzed  w ith  6N h y d ro c h lo r ic  a c id  (100 m l.)  a t  
room tem p era tu re  fo r  s e v e ra l  hou rs . The h y d ro ly sa te  was e x tra c te d  
tw ice w ith  25 ml. p o r t io n s  o f  w a te r - s a tu ra te d  e th y l  a c e ta te .  The 
o rg an ic  e x t r a c ts  were th en  c o n ce n tra te d  to  approx im ate ly  2 ml. and 
s p o tte d  on s ix  s h e e ts  o f  S & S #589 re d  rib b o n  chrom atography paper 
along w ith  s ta n d a rd s  o f  s c o p o le t in  and e s c u le t in  (6 , 7-dihydroxycoum a­
r in )  . The p ap ers  w ere n e x t developed in  s ix  d i f f e r e n t  so lv e n t system s: 
ch lo ro fo rm -a c e tic  a c id -w a te r  (2 :1 :1  v /v , low er l a y e r ) ,  n -b u ta n o l-a c e t ic  
a c id -w a te r  (6 :1 :2  v /v ) ,  15% a c e t ic  a c id -w a te r , 20% potassium  c h lo r id e -  
w ate r, n -b u ta n o l-p y rid in e -d io x a n e -w a te r  (7 0 :2 0 :5 :5  v /v ) ,  and benzene- 
p ro p io n ic  a c id -w a te r  (2 :1 :1  v /v , upper la y e r ) .  The hydro lyzed  zone 3 
was found to  c o n ta in  both  s c o p o le t in  and e s c u le t in  (T able 1 ) .  When 
a paper c o n ta in in g  th e  o r ig in a l  zone 3 was developed in  n -b u ta n o l-  
p y rid in e -b en zen e -w a te r  (5 :3 :1 :3  v /v , o rg an ic  phase) and then  sp rayed , 
f i r s t  w ith  3N h y d ro c h lo r ic  a c id  and secondly  w ith  a  s o lu tio n  o f  100 mg. 
barium  c h lo r id e  in  50 ml. o f  70% e th a n o l, fo llow ed  by a  s o lu t io n  o f  
sodium rh o d izo n a te  (10 mg. in  20 m l. o f  50% e th a n o l) ,  th e  top  p a r t  
o f  th e  zone gave th e  p o s i t iv e  t e s t  fo r  s u l f a t e  (2 1 ). The low er p o r t io n  
o f  th e  zone gave a  p o s i t iv e  t e s t  w ith  p-dim ethylam inobenzaldehyde, a 
reag e n t fo r  h ip p u r ic  a c id  d e r iv a tiv e s  (2 2 ). Zone 3 would appear to  be
TABLE 1
Rf VALUES OF COMPOUNDS ISOLATED FROM URINE OF ANIMALS FED SCOPOLETIN
Compound
20% P o ta ss iu m  
C h lo rid e -W a te r
C h lo ro fo rm - 
A c e tic  A cid - 
W ater ( 2 :1 :1 )
n -B u ta n o l-  
A c e tic  A cid- 
W ater ( 6 :1 :2 )
15% A c e tic  
A cid-W ater
S c o p o le tin 0 .1 4 0 .89 0 .9 2 0 .5 3
E s c u le t in 0 .2 6 0 .3 3 0 .8 8 ----
Zone 6 0 .3 0 0 .0 1 0 .0 9 0 .2 0
Zone 3 0 .2 6 0 .0 3 0 .1 1 ^  mm mm
w
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a m ix tu re  o f  s c o p o le t in  and e s c u le t in  s u l f a t e s .  However, th e  p o s i t iv e  
t e s t  f o r  h ip p u r ic  a c id  in d ic a te s  th a t  th e  s c o p o le t in  o r e s c u le t in  may 
a lso  be co n ju g a ted  w ith  g ly c in e . The o th e r  p o s s i b i l i t y  i s  th a t  one o f 
th e  coum arins may be co n jugated  w ith  s u l f a t e  and th e  o th e r  w ith  g ly c in e .
Zone 6 was im m ediately e lu te d  from  20 sh e e ts  a f t e r  th e  f i r s t  
chrom atographic s e p a ra t io n  w ith  50% m eth an o l-w ate r. T w o -fifth s  o f  th e  
t o t a l  e lu a te  (50 m l.)  was then  made 6N w ith  h y d ro ch lo ric  a c id  and h ea ted  
fo r  20 m inu tes a t  th e  b o il in g  p o in t .  The h y d ro ly sa te  was th e n  e x tra c te d  
th re e  tim es w ith  25 ml. p o r tio n s  o f w a te r - s a tu ra te d  e th y l  a c e ta te .  The 
e x t r a c t  was c o n c e n tra te d  and compared ch ro m a to g rap h ica lly  in  f iv e  s o l ­
v en t system s w ith  unhydrolyzed zone 6 and s c o p o le t in .  These chrom ato­
grams in d ic a te d  th e  p resence  o f some unhydrolyzed  m a te r ia l  in  a d d i t io n  
to  a c o n s id e ra b le  amount o f s c o p o le t in  (T ab le 1 ) .
S ince  th e  amount o f  a c id  n e c e ssa ry  to  hydro lyze g lu cu ro n id es  
w i l l  a ls o  d e s tro y  th e  g lu cu ro n ic  a c id , i t  was n ecessa ry  to  u se  a s p e c i f ic  
enzyme in  o rd e r  to  e s ta b l i s h  th a t  zone 6 i s  a g lucu ro n id e  o f  s c o p o le t in .
The zone 6 e lu a te  was ta k en  to  d ryness in  vacuo and th en  
d is so lv e d  in  25 ml. o f  phosphate b u f fe r  a t  a pH o f 6. F i f ty  m i l l i ­
grams o f  p -g lu c u ro n id a se  (N u tr i t io n a l  B iochem icals C o rp o ra tio n ) was 
added and th e  m ix tu re  was in cu b a ted  a t  37° G. fo r  24 ho u rs . A b lank  
made up in  th e  same way excep t th a t  no enzyme was added was incu b ated  
a t  th e  same tim e . These enzym atic h y d ro ly sa te s  were th en  e x tra c te d  
th re e  tim es w ith  15 m l. p o r tio n s  o f  e th y l  a c e ta te .  The o rg an ic  ex­
t r a c t s  were c o n c e n tra te d  and chrom atographed. These chromatograms, 
when developed in  c h lo ro fo rm -a c e tic  a c id -w a te r  ( 2 :1 :1 ) ,  re v e a le d  th a t  
th e  sample c o n ta in in g  th e  enzyme was hyd ro lyzed  to  s c o p o le t in  and some
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e s c u le t in .  The b lank  was unchanged. T his in d ic a te s  th a t  zone 6 
i s  a m ix tu re  o f  th e  g lu cu ro n id es  o f  s c o p o le tin  and e s c u le t in .
CHAPTER III
THE ISOLATION AND IDENTIFICATION OF THE URINARY METABOLITES 
OF ESCULETIN AND ESCULIN
P u r i f ic a t io n  o f  E sc u lin  
Two grams o f e s c u l in  ( N u tr i t io n a l  B iochem icals C o rp o ra tio n ) 
were d is so lv e d  in  a  sm all amount o f  m ethanol and adsorbed on Mag- 
n eso l (Food Machinery and Chemical C o rp o ra tio n , New York) packed in  
a chrom atographic column under f iv e  pounds p re s s u re  u s in g  w a te r-  
s a tu ra te d  e th y l  a c e ta te  as th e  s lu r ry in g  l i q u id .  On development o f  
th e  column w ith  w a te r - s a tu ra te d  e th y l  a c e ta te ,  th e  e s c u le t in  th a t  
occu rred  as an im purity  was moved ra p id ly  through th e  column. The 
e s c u lin  and an o th e r b lu e  f lu o re s c in g  g ly c o s id e  were th en  e lu te d  
s e p a ra te ly  w ith  m ethanol. O bservation  o f  p ro g re ss  d u ring  th e  e lu t io n  
was made w ith  long w avelength u l t r a v i o l e t  l i g h t .
The m ethanol e lu a te  f r a c t io n  c o n ta in in g  th e  p u r i f i e d  e s ­
c u l in  was th e n  ev ap o ra ted  slow ly a t  room te m p era tu re . When most o f  
th e  m a te r ia l  had p r e c ip i ta te d  ou t o f  s o lu t io n ,  th e  s o l id  (262 mg.) 
was f i l t e r e d  o f f  and d r ie d  in  vacuo. The p u r i ty  o f  t h i s  m a te r ia l  
was checked by d is s o lv in g  a  sm all amount o f  th e  s o l id  in  m ethanol 
and s p o t t in g  i t  on S & S #589 re d  rib b o n  chrom atography p a p e r. The 
paper was th e n  developed in  n -b u ta n o l- a c e t ic  a c id -w a te r  (6 :1 :2  v /v ) .  
T his so lv e n t system  had p re v io u s ly  been found to  g iv e  th e  b e s t  r e s o -
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lu t io n  o f  e s c u le t in ,  e s c u l in  and o f  th e  o th e r  g ly c o s id e  th a t  i s  
p re se n t as a  t r a c e  im p u rity . The new chromatogram re v e a le d  no f lu o ­
re s c e n t sp o t o th e r  th a n  th a t  o f  e s c u l in .  The column s e p a ra t io n ,  in  
a d d i t io n  to  th e  slow  c r y s t a l l i z a t i o n ,  r e s u l te d  in  ch ro m a to g rap h ica lly  
pu re  e s c u l in .
P u r i f ic a t io n  o f E s c u le tin
The impure e s c u le t in  was o b ta in ed  by h y d ro ly s is  o f  e s c u l in .  
This was accom plished as fo llo w s: 10 .2  g. o f  e s c u l in  ( N u tr i t io n a l
B iochem icals C o rp o ra tio n ) was d is so lv e d  in  360 m l. o f TU s u l f u r i c  
a c id  and h ea ted  on a  steam  b a th  fo r  s ix  h o u rs . The r e s u l t in g  f in e  
n eed le  c r y s ta l s  were f i l t e r e d  o f f  a f t e r  th e  h y d ro ly sa te  had been 
coo led  in  th e  r e f r i g e r a t o r .  The p r e c i p i t a t e  was washed w ith  a sm all 
amount o f  w a te r and th e n  w ith  a sm all amount o f  e th e r .  The washed 
p r e c i p i t a t e  was th e n  r e c r y s t a l l i z e d  from 95% e th a n o l a f t e r  d e c o lo r i-  
z a t io n  w ith  c h a rc o a l. The r e s u l t in g  p r e c i p i t a t e  weighed 4 .2  g. By 
chrom atography, t h i s  s o l id  e s c u le t in  p re p a ra t io n  was found to  c o n ta in  
a sm all amount o f  unhydrolyzed  e s c u l in .
A p o r t io n  o f  th e  e s c u le t in  p re p a ra t io n  (2 g .)  was d is so lv e d  
in  m ethanol and adsorbed  on a  column th a t  had been packed under f iv e  
pounds o f p re s s u re  u s in g  a s lu r r y  o f Magnesol in  e th y l  a c e ta te .  The 
column was th en  developed u s in g  w a te r - s a tu ra te d  e th y l  a c e ta te  as  th e  
so lv e n t. The f i r s t  two f r a c t io n s  coming o f f  th e  column (each a p p ro x i­
m ately  125 m l.)  were n o t saved because they  co n ta in ed  im p u r it ie s  as 
re v e a le d  by exam ination  under u l t r a v i o l e t  l i g h t  a f t e r  chrom atography 
in  th e  n -b u ta n o l-a c e t ic  a c id -w a te r  (6 :1 :2  v /v ) so lv e n t system . The
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rem aining f r a c t io n s  th a t  came o f f  th e  column w ith  w a te r - s a tu ra te d  
e th y l a c e ta te  w ere combined and reduced in  volume. The r e s u l t in g  
p r e c ip i t a t e  was th en  r e c r y s t a l l i z e d  from 95% e th a n o l;  300 mg. o f 
ch ro m a to g rap h ica lly  pure e s c u le t in  were o b ta in e d .
S y n th es is  and P u r i f ic a t io n  o f  6-Hydroxy-7-M ethoxycoumarin
from E s c u le tin
Three grams o f  th e  impure e s c u le t in  were d is so lv e d  in  300 
ml. o f m ethanol which co n ta in ed  1.34 g. o f  sodium hydrox ide . The 
s o lu tio n  was m echan ica lly  s t i r r e d  w h ile  4 .25  g . o f  d im e th y lsu lfa te  
were slow ly added and th en  re f lu x e d  fo r  s ix  hours on a steam  b a th .
A fte r  c o o lin g , th e  r e a c tio n  m ix tu re  was n e u t ra l iz e d  w ith  
IN sodium hydrox ide and reduced  in  volume in  vacuo to  about 100 ml.
This s o lu tio n  was e x tra c te d  w ith  th re e  p o r t io n s  o f  ch loroform ; t h i s  
was e x tra c te d  w ith  th re e  p o r tio n s  o f  10% sodium ca rb o n a te  (150 ml. 
each tim e ) ; th e  ca rb o n a te  s o lu t io n  was n e u t r a l iz e d  w ith  h y d ro c h lo ric  
a c id  and e x tra c te d  th re e  tim es w ith  n itro m eth an e  (150 ml. each tim e ) . 
The chromatogram o f th e  v a r io u s  f r a c t io n s  when developed in  n i t r o -  
m ethane-benzene-w ater (2 :3 :5  v /v , o rg an ic  phase) i s  shown in  F ig u re  4 .
The 7-m ethyl e th e r  o f  e s c u le t in  was p u r i f i e d  u s in g  a column 
c o n ta in in g  M agnesol packed in  a s lu r ry  o f  ch lo ro fo rm . Two n itro m eth an e  
e x t r a c ts  c o n ta in in g  th e  r e a c t io n  p ro d u c ts  w ere chrom atographed u s in g  
n itrom ethane  as th e  develop ing  s o lv e n t . The f i r s t  zone to  come o f f  
th e  column f lu o re sc e d  p a le  b lu e  in  long w aveleng th  u l t r a v i o l e t  l i g h t .  
Moving a l i t t l e  behind  on th e  Magnesol was a b r ig h t  b lu e  zone. These 
two zones were c o l le c te d  s e p a ra te ly  and reduced  in  volume a t  room 
tem p era tu re  u n t i l  c r y s t a l l i z a t i o n  took  p la c e . The p a le  b lu e  zone
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FIGURE 4
CHROMATOGFJM OF THE VARIOUS FRACTIONS OBTAINED IN THE 
SYNTHESIS OF THE 7-METHYL ETHER OF ESCULETIN
N itrom ethane-Benzene-W ater (2 :3 :5 )
1. Aqueous phase a f t e r  ex­
t r a c t io n  w ith  ch loroform .
2. Chloroform  phase a f t e r  
e x tra c t io n  w ith  sodium 
ca rb o n a te .
3. N e u tra liz e d  sodium c a r ­
bonate phase a f t e r  ex­
t r a c t io n  w ith  n i t r o -  
m ethane.
4 . N itrom ethane e x t r a c t .
a . Rg _ 0 .14 , b lu e -g re e n  when 
exposed to  ammonia under u l ­
t r a v i o l e t  l i g h t  ( e s c u le t in ) .
b. Rg z 0 .85 , b lu e  under u l t r a ­
v io l e t  l i g h t .
c . Rjc = 0 .91 , b lu e  under u l t r a ­
v io l e t  l i g h t  (6 , 7-dim ethoxy- 
coum arin).
d. R^ = 0 .83 , b lu e  tu rn in g  to  
re d d ish -p u rp le  when exposed 
to  ammonia under u l t r a v i o l e t  
l i g h t  (7-m ethoxy-6-hydroxy- 
coupiarin ).
e . Rg -  0 .8 2 , b lu e  c o lo r  b r ig h te n s  
when exposed to  ammonia under 
u l t r a v i o l e t  l i g h t  ( s c o p o le t in ) .
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gave c r y s ta l s  th a t  m elted  a t  188° C. as compared to  a l i t e r a t u r e  
v a lu e  o f  184° C. (23) fo r  th e  7-m ethyl e th e r  o f  e s c u le t in .  This 
compound a lso  showed th e  c h a r a c t e r i s t i c  f lu o re sc e n c e  o f e s c u le t in  
d e r iv a t iv e s  th a t  have th e  7-hydroxy group s u b s t i tu te d .  The b r ig h t  
b lu e  zone gave c r y s ta l s  th a t  m elted  a t  208° C. and were chrom ato- 
g ra p h ic a lly  id e n t ic a l  in  f lu o re sc e n c e  and v a lu e s  w ith  a u th e n tic  
s c o p o le t in .  The 7-m ethyl e th e r  o f  e s c u le t in  has Rg v a lu es  on paper 
very  s im ila r  to  th o se  o f s c o p o le t in ,  bu t i t  f lu o re s c e s  a re d d ish -  
p u rp le  c o lo r  r a th e r  th an  th e  b r ig h t  b lue  when exposed to  ammonia 
vapor.
a
A d m in is tra tio n  o f  E sc u lin  and E s c u le tin  to  th e  R ats
Male r a t s  o f  th e  Holtzman s t r a i n ,  w eighing 300-350 g . , 
fo u r to  s ix  months o f  age, were k e p t on a  v itam in  B com plete t e s t  
d ie t  ( N u tr i t io n a l  B iochem icals C orp o ra tio n ) f o r  a t  l e a s t  te n  days 
p r io r  to  th e  experim en ts. The e s c u le t in  o r e s c u lin ,  in  about 2-5 
ml. w ate r su sp en sio n s , was a d m in is te re d  by stomach tube to  anim als 
which had been l i g h t ly  a n e s th e tiz e d  w ith  e th e r .  Three r a t s  rec e iv e d  
40 mg. o f  e s c u lin ;  th re e  re c e iv e d  10 mg. o f e s c u lin ;  th re e  rec e iv e d  
40 mg. o f e s c u le t in ;  and th r e e  re c e iv e d  10 mg. o f e s c u le t in .  Four 
r a t s  served  as c o n tro ls .  Each r a t  was k ep t in  a s e p a ra te  m etabolism  
cage, and th e  u r in e  from each .an im al was c o l le c te d  under to lu en e  fo r  
24 h o u rs . D uring th e  c o l le c t io n  p e rio d  th e  r a t s  were dep rived  o f 
food b u t had access to  w a te r.
a
R ats  were fed  and u r in e  c o l le c te d  by P. L. P e tr a k is ,  
U n iv e rs ity  o f  Oklahoma M edical School.
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b
I s o la t io n  and I d e n t i f i c a t io n  o f  U rinary  M e ta b o lite s
The u r in e  c o l le c te d  from th e  in d iv id u a l  r a t  fed  e s c u le t in  
and e s c u lin  was f i l t e r e d  and th e  volume o f u r in e  a d ju s te d  to  50 ml. 
in  v o lu m etric  f la s k s .  The u r in e  from each in d iv id u a l r a t  was th en  
s tre a k e d  on S & S #589 red  rib b o n  pap er (7 1 /2"  x 2 3 "), and th e  
paper was developed in  th e  n -b u ta n o l-a c e t ic  a c id -w a te r  (6 :1 :2  v /v )  
so lv e n t system . From th e  u r in e  o f  an im als fed  40 mg. o f  e s c u lin ,  
f iv e  m ajor b lu e  f lu o re s c in g  zones cou ld  be seen  under long  wave­
le n g th  u l t r a v i o l e t  l i g h t  (F ig u re  5 ) .  These w ere c a l le d  B-1, B-2,
B-3, B-4, and B-5. The Rg v a lu e  fo r  each in  n -b u ta n o l- a c e t ic  a c id -  
w ate r (6 :1 :2  v /v )  i s  0 .8 1 , 0 .7 6 , 0 .4 0 , 0 .1 2 , and 0 .0 9 , r e s p e c t iv e ly .
A tw o-dim ensional chromatogram o f  th e  u r in e  i s  seen  in  F ig u re  6.
The p a r t  o f  th e  chromatograms c o n ta in in g  th e  somewhat 
o v e rlap p in g  zones B-1 and B-2 was c u t o u t,  sewn ontc new sh e e t o f  
S & S p ap er, and developed in  15% a c e t ic  a c id -w a te r . The develop­
ment was s topped  when bo th  zones had moved a c ro ss  th e  bottom  sewn 
l i n e .  A fte r  d ry in g , th e  chromatograms were developed in  th e  n i t r o -  
m ethane-benzene-w ater (3 :2 :5  v /v , o rg an ic  phase) s o lv e n t system .
This gave s a t i s f a c to r y  s e p a ra t io n  o f  zone B-1 from zone B-2. Each 
zone was c u t o u t o f  th e  chromatogram, sewn on to  a new sh e e t o f  p ap e r, 
and then  developed in  15% a c e t ic  a c id -w a te r  f o r  16 to  18 h o u rs .
The zones c o n ta in in g  B-1 and B-2 were c u t ou t o f  th e  ch ro ­
matogram and sewn onto  f re s h  sh e e ts  o f  Whatman #1 p aper w hich had 
been pre-w ashed w ith  th e  n -b u ta n o l- a c e t ic  a c id -w a te r  (6 :1 :2  v /v )
b
I s o la t io n  and p a r t  o f  th e  i d e n t i f i c a t i o n  was done in  
co o p e ra tio n  w ith  Dr. C. H. Yang.
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FIGURE 5
CHROMATOGRAPHIC SEPARATION OF URINARY METABOLITES OF ESCULIN
(C olors Are Under U l t r a v io le t  L igh t)
n -B u ta n o l-A c e tic  A cid-W ater (6 :1 :2 )
} -
B-5
B-4-
B-3-
- 2 -f B
\ b- i
15% A cetic  A cid- 
W ater; and then  
N itrom cthane-B enzene 
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n-B utanol-B enzene- 
P y rid in e -W ate r 
(5 :1 :3 :3 )
15% A cetic  
A cid -W ater•
I
n -B u tano l- 
A ce tic  Acid- 
W ater (6 :1 :2 )
1
15% A cetic  
Acid-W ater
n-B utanol-B enzene 
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FIGURE 6
TWO-DIMENSIONAL CHROMATOGRAM OF 100 X OF URINE 
FROM A RAT FED 40 MG. ESCULIN
B-5-1 and B-5-2
-4-1
B-3
•H
Solvent Line
1. n -B u tano l-P yrid ine-B enzene-W ater (5 :3 :1 :3 )
2. n -B u tan o l-A ce tic  Acid-W ater (6 :1 :2 )
B-0 = 7-Mechoxy-6-Hydroxycoumarin
B-1 z S co p o le tin
B-2 z E s c u le tin
B-3 = E scu lin
B-4-1 s Conjugated Compound
B-4-2 = Conjugated Compound
B-5-1 z Conjugated Compound
3 -5 -2  z Conjugated Compound
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system . F in a l development o f  B-2 was c a r r ie d  o u t in  th e  n -b u ta n o l-  
a c e t ic  a c id -w a te r  (6 :1 :2  v /v )  system . T his b rought B-2 in to  a  n a r ­
row, even zone. The use  o f  Whatman #1 paper in  th e  l a s t  s te p  d e v e l­
opment was to  f a c i l i t a t e  th e  e lu t io n  o f B-2 from th e  p ap er. T h is  
e lu t io n  was c a r r ie d  out w ith  70% e th a n o l-w a te r .
Zone B-2 was id e n t i f i e d  as e s c u le t in  by chrom atographic 
com parison in  f iv e  d i f f e r e n t  so lv e n t system s and by mixed ch ro ­
matography in  two dim ensions (T ab le  2 ) .
When zone B-1 was developed in  th e  15% a c e t ic  a c id -w a te r  
f o r  16-18 h o u rs , a t r a c e  o f a n o th e r  compound p u lle d  away from B-1. 
T his new zone, c a l le d  zone B-O, was e lu te d  from th e  paper w ith  70% 
e th a n o l-w a te r . I t  was found by chrom atographic com parison to  be 
i d e n t ic a l  w ith  s y n th e t ic  7-m ethoxy-6-hydroxycoum arin (T able 2 ) .
The f i n a l  p u r i f i c a t i o n  s te p  o f zone B-1 c o n s is te d  o f  i t s  
developm ent in  n -b u ta n o l-a c e t ic  a c id -w a te r  (6 :1 :2  v /v ) on washed 
chrom atography paper as d e sc rib e d  above. The pure  B-1 was e lu te d  
w ith  50% e th a n o l-w a te r . O ne-dim ensional chrom atographic com parison 
and tw o-d im ensional mixed chrom atography o f B-1 w ith  a u th e n tic  
s c o p o le t in  proved  th a t  B-1 was id e n t i c a l  w ith  s c o p o le t in  (T ab le  2 ) .
The B-3 zone from th e  f i r s t  n -b u ta n o l-a c e t ic  a c id -w a te r  
(6 :1 :2  v /v )  system  development was c u t ou t and sewn onto  a  new 
sh e e t o f  S & S #589 paper and developed in  15% a c e t ic  a c id -w a te r  
system . The B-3 zone was aga in  c u t ou t and sewn on S & S #589 
pap er and developed in  n -b u ta n o l- a c e t ic  a c id -w a te r  (6 :1 :2  v /v )  
f o r  24 h o u rs . F in a l development o f  zone B-3 was c a r r ie d  o u t on 
pre-w ashed Whatman #1 paper in  15% a c e t ic  a c id -w a te r , and th e
TABLE 2
Rg VALUES OF COMPOUNDS ISOLATED FROM URINE OF ANIMALS FED ESCULIN AND ESCULETIN
Compound
20% P o ta ss iu m  
C h lo rid e -W ate r
C h lo ro fo rm - 
A c e tic  A cid- 
W ater (2 :1 :1 )
n -B u ta n o l-  
A c e tic  A cid- 
W ater (6 :1 :2 )
E th a n o l-n -B u ta n o l-  
Ammonium C arb o n a te  
(4 0 :1 1 :1 9 )
E s c u le t in 0 .26 0 .33 0 .88 0 .48
E s c u l in ---- 0 .06 0 .31 0 .1 3
S c o p o le t in 0 .1 4 0 .89 0 .9 2 0 .4 6
6-H ydroxy-
7-M ethoxycoum arin 0 .1 5 0 .9 2 0 .8 7 ——
B-O 0 .1 3 0 .9 3 0 .8 8
B-1 0 .1 5 0 .8 8 0 .9 2 0 .4 7
B-2 0 .2 4 0 .3 4 0 .89 0 .4 7
B-3 ---- 0 .0 8 0 .3 2 0 .1 5
B -4-1 0 .4 0 0 .0 2 0 .0 8 0 .1 3
B -4-2 0 .39 0 .0 2 0 .0 7 0 .1 1
B -6-1 0 .3 6 0 .0 2 0 .1 0 0 .0 5
B -6-2 0 .3 6 0 .0 2 0 .0 6 0 .1 1
N5Ul
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compound B-3 was e lu te d  from th e  paper w ith  50% e th a n o l-w a te r .
B-3 was found to  be id e n t ic a l  w ith  e s c u l in  by one-d im ensional 
com parison and tw o-dim ensional mixed chrom atography (T able 2 ) .
The two p u rp lis h -b lu e  zones which s ta y e d  n e a r  th e  o r ig in  
in  th e  f i r s t  s e p a ra tio n  by n -b u ta n o l- a c e t ic  a c id -w a te r  (6 :1 :2  v /v ) 
were c u t o u t as one zone and sewn onto  a  f re sh  sh e e t o f  S & S paper 
and developed in  n -b u ta n o l-b e n z e n e -p y rid in e -w a te r  (5 :1 :3 :3  v /v ,  
o rg an ic  phase) fo r  24 h o u rs . T h is  system  p u lle d  th e  B-4 zone com­
p le te ly  away from th e  B-5 zone in  th a t  th e  l a t t e r  moved very  l i t t l e  
in  t h i s  so lv e n t system . The zone c o n ta in in g  B-4 was c u t ou t o f  th e  
pap er, sewn onto  an o th e r f re s h  sh ee t o f  S & S pap er and ag a in  d e v e l­
oped in  th e  n -b u ta n o l-b e n z e n e -p y rid in e -w a te r  system  f o r  24 h o u rs .
By th i s  development th e  B-4 zone was se p a ra te d  in to  two zones. The 
one w ith  th e  h ig h e r Rg v a lu e  seemed to  be th e  m ajor p a r t  o f  B-4. 
These two zones were d es ig n a ted  as B-4-1 ( la r g e r  Rg v a lu e ) and B-4- 
2 (sm a lle r  Rg v a lu e ) . When u r in e  from each r a t  fed  only  10 mg. o f  
e s c u l in  p lu s  th e  b a s a l  r a t i o n  was analyzed  in  th e  same manner as 
above, th e  B-4-2 zone was n o t found on th e  chromatogram. W ith th e  
above e x c e p tio n , a l l  o th e r  compounds found in  th e  u r in e  o f  th e  r a t s  
fed  40 mg. o f  e s c u l in  were a lso  found to  be p re s e n t in  th e  case  o f  
an anim al ad m in is te re d  on ly  10 mg. o f  e s c u l in .  The zones B-4-1 and 
B-4-2 were s e p a ra te ly  c u t ou t o f  th e  chromatogram, sewn on f re s h  
sh e e ts  o f  Whatman #1 p aper (washed) and developed in  th e  n -b u ta n o l-  
b e n z e n e -p y rid in e -w a te r  system . Each zone was th en  e lu te d  w ith  
e th a n o l-p y r id in e  ( 8 :1 ) .
Compounds B-4-1 and B-4-2 were hydro lyzed  w ith  6N hydro-
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c h lo r ic  a c id  a t  room tem pera tu re  fo r  th re e  h ou rs . The h y d ro ly sa te s  
were th en  e x tra c te d  w ith  e th y l  a c e ta te ,  and th e  e x t r a c t  was concen­
t r a t e d  in  vacuo . These e x t r a c ts  were th e n  compared by ascend ing  
paper chrom atography w ith  e s c u le t in ,  s c o p o le t in  and 7-m ethoxy-6- 
hydroxycoum arin. The e x t r a c t  from hydro lyzed  compound B-4-1 showed 
th e  p resen ce  o f  e s c u le t in .  The e x t r a c t  from hydrolyzed  compound 
B-4-2 c o n ta in ed  7-m ethoxy-6-hydroxycoum arin and a sm all amount o f  
s c o p o le t in .
Compounds B-4-1 and B-4-2 were sp o tte d  on S & S #589 paper 
very  h e a v ily  and th en  developed in  th e  15% a c e t ic  ac id -w a te r  system .
The paper was then  sprayed  u s in g  th e  m odified  method o f  Burma d e sc r ib e d  
in  C hapter I I .  Both compounds B-4-1 and B-4-2 gave p o s i t iv e  r e s u l t s ,  
in d ic a t in g  th a t  they  a re  con jugated  s u l f a t e s .  B-4-1 i s  th e re fo re  a 
s u l f a t e  o f  e s c u le t in  and B-4-2 i s  7-raethoxy-6-hydroxycoum arin s u l f a t e .
The upper b lue  zone, B-5, which was se p a ra te d  from B-4 in  
th e  f i r s t  n -b u ta n o l-b e n z e n e -p y rid in e -w a te r  development, d id  n o t move 
in  any o th e r  system  t r i e d  excep t in  60% a c e t ic  a c id -w a te r . Conse­
q u en tly , t h i s  zone was cu t o u t, sewn on S & S paper and developed in  
th e  60% a c e t ic  a c id -w a te r  system . T his development r e s u l te d  in  sep a­
r a t io n  o f  B-5 in to  two b lue  zones d es ig n a ted  B-5-1 ( la rg e r  v a lu e ) 
and B-5-2 (s m a lle r  Rg v a lu e ) . The B-5-2 zone was m issing  from th e  
u r in e  o f  r a t s  fed  on ly  10 mg. e s c u l in .
The B-5-1 and B-5-2 zones were th en  fu r th e r  p u r i f i e d  by 
c u t t in g  ou t th e  zones, sewing them onto  washed Whatman >1 p ap er, and 
develop ing  them in  60% a c e t ic  a c id -w a te r . They were then  e lu te d  w ith  
a 50:50 s o lu t io n  o f  e th an o l and a c e t ic  a c id .
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A fte r  B-5-1 and B-5-2 were h yd ro lyzed  w ith  5N h y d ro c h lo r ic  
ac id  fo r  fo u r hours a t  r e f lu x  tem p era tu re , th e  h y d ro ly sa te s  were ex­
t r a c te d  w ith  e th y l  a c e ta te  as d e sc rib e d  in  C hap ter I I  f o r  th e  s c o p o le t in  
g lu cu ro n id e . By p ap er chrom atography, bo th  e x t r a c t s  were found to  con­
ta in  e s c u le t in .
Compounds B-5-1 and B-5-2 were a ls o  t r e a te d  w ith  p -g lu c u ro n i­
dase in  much th e  same manner as  th e  s c o p o le t in  g lu c u ro n id e . In  t h i s  
c ase , however, 15 ml. o f  phosphate b u f fe r  and 10 mg. o f  th e  enzyme were 
u sed . The e x t r a c t io n  and chrom atography were c a r r i e d  ou t as d e sc rib e d  
in  C hapter I I .  The compound B-5-1 was hydro lyzed  by th e  enzyme to  g iv e  
e s c u le t in  and th u s  i s  e s ta b l is h e d  as an e s c u le t in  g lu c u ro n id e . However, 
compound B-5-2 was unchanged. T h ere fo re , B -5-2 may no t be a g lu c u ro n id e . 
S ince th e re  i s  a  p o s s i b i l i t y  th a t  i t  i s  a  v e ry  s ta b le  g lu c u ro n id e , no 
f in a l  co n c lu sio n  can be made on th i s  p o in t a t  p re s e n t .
CHAPTER IV
THE isolation  AND IDENTIFICATION OF THE URINARY METABOLITES 
OF QUERCETIN AND SOME RELATED COMPOUNDS
A d m in is tra tio n  o f  Q u erce tin  to  th e  Animals 
Four fem ale a lb in o  r a t s  w ere p la ced  in  m etabolism  cages 
(Acme Conçany) and fed  N u tr i t io n a l  B iochem icals S y n th e tic  Complete 
T est D ie t.  The u r in e  c o l le c te d  under to lu e n e  a f t e r  10 days w i l l  l a t e r  
be r e f e r r e d  to  as th e  normal u r in e .  At th e  end o f  two weeks on th e  
s y n th e t ic  d i e t ,  th e  anim als w ere p la c e d  on a d ie t  c o n ta in in g  3% q u e r­
c e t in  and 97% o f th e  above t e s t  d i e t .  The u r in e  was th en  c o l le c te d  
f o r  a p e r io d  o f  two weeks under to lu e n e .
E x tra c tio n  o f  th e  U rine 
The u r in e  from th e  r a t s  was c o l le c te d  every 48 hours and 
th e n  e x tra c te d  in  con tinuous l i q u id - l i q u id  e x t r a c to r s  u s in g  a  steam  
b a th  fo r  h e a tin g . The sam ples were e x tra c te d  f i r s t  w ith  e th e r  and 
th en  w ith  e th y l a c e ta te .  The s iz e  o f  th e  sample e x tra c te d  v a r ie d  
somewhat b u t was approx im ate ly  125 m l. o f  u r in e  fo r  each 250-300 ml. 
o f  e x t r a c t in g  s o lv e n t .  The e x t r a c t s  were c o n c e n tra te d  a t  room tem­
p e ra tu re  by ev ap o ra tio n  to  a  volume o f  approx im ate ly  20 m l. Except 
when in  u se , th e se  e x t r a c ts  w ere k e p t under r e f r ig e r a t io n .
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Two-Dimensional Chromatography o f th e  U rine E x tra c ts  
The e th e r  e x t r a c t  o f  th e  r a t s '  normal u r in e  was h e a v ily  
sp o tte d  on S & S #589 chrom atography p ap er, red  rib b o n . A two-dim en­
s io n a l  chromatogram was developed, th e  f i r s t  dim ension in  ch lo ro fo rm - 
a c e t ic  a c id -w a te r  (2 :1 :1  v /v , o rg an ic  p h a se ) , and th e  second dim ension 
in  20% po tassium  c h lo r id e -w a te r  (2 3 ). The chromatogram was th e n  sprayed  
w ith  d ia z o tiz e d  s u l f a n i l i c  a c id  fo llow ed  by 20% sodium ca rb o n a te  (2 0 ). 
Except fo r  th re e  sp o ts  which were b a re ly  v i s ib l e ,  th e re  was alm ost no
re a c t io n  a t  a l l  on th e  pap er. The same procedure  was fo llow ed  fo r  th e
u r in e  e x t r a c ts  o f  th e  an im als fed  q u e rc e tin  (F ig u re  7 ) . S ince  th e  u r in e  
was e x tra c te d  on th e  b a s is  o f  two day l o t s ,  th e re  were seven chromatogram s,
th e  u r in e  o f  th e  f i r s t  and second days on through th e  u r in e  o f  th e  t h i r ­
te e n th  and fo u r te e n th  days.
As th e  le n g th  o f  tim e th e  an im als were on th e  q u e rc e tin  d ie t  
in c re a se d , th e re  was a n o tic e a b le  in c re a s e  in  p h e n o lic - ty p e  compounds 
in  th e  u r in e .  In  th e  u r in e  c o l le c te d  th e  f i r s t  and second days th e re  
were only sm all amounts o f  two compounds (F ig u re  7) th a t  re a c te d  w ith  
th e  d ia z o tiz e d  s u l f a n i l i c  ac id  spray  to  produce v i s ib l e  co lo re d  p ro d u c ts ; 
th e se  a re  d e s ig n a ted  Q-2 and Q-5. There was an in c re a se  in  th e  amounts 
o f  th e se  in  th e  u r in e  o f  th e  th i r d  and fo u r th  days, and Q-3 appeared  
a t  th a t  tim e. In  th e  e x t r a c t  o f th e  u r in e  c o l le c te d  on th e  f i f t h  and 
s ix th  days, th e re  w ere, in  a d d i tio n  to  th e  compounds above, compounds 
Q-1, Q-4, Q-6, Q-7 and Q-8. The i s o la t io n  and id e n t i f i c a t i o n  o f  th e  
in d iv id u a l compounds fo llo w s .
I s o la t io n  and I d e n t i f i c a t io n  o f  In d iv id u a l U rinary  M e tab o lite s  
The e th e r  e x t r a c t  o f  th e  u r in e  was s tre a k e d  on tw enty s h e e ts
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FIGURE 7
TWO-DIMENSIONAL CHROMATOGRAMS OF RAT URINE EXTRACTS
C olors Are in  V is ib le  L igh t a f t e r  Spraying 
w ith  D ia z o tiz e d  S u l f a n i l ic  Acid Reagent
a . Î
b.
E th er E x tra c t o f  Rat 
U rine A fte r  10 Days 
on S y n th e tic  D ie t
a .?
b.
E th er E x tra c t o f  Rat 
U rine (Q u erce tin  
D ie t)  1 and 2 Days
a.
b.
E ther E x tra c t o f  Rat 
U rine (Q u erce tin  
D ie t)  3 and 4 Days
a.î
b7
E th er E x tra c t o f  Rat 
U rine (Q u erce tin  
D ie t)  5 and 6 Days
Y :  Yellow 
Or s Orange 
R :  Red 
P = P ink
a . C hloroform -A cetic  Acid- 
W ater (3 :2 :5 )
b . 20% P o tassium  C h lo rid e- 
W ater
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FIGURE 7 (Continued)
TWO-DIMENSIONAL CHROMATOGRAMS OF RAT URINE EXTRACTS
C olors Are in  V is ib le  L igh t a f t e r  Spraying 
w ith  D iazo tize d  S u l f a n i l i c  Acid Reagent
b .
E th e r E x tra c t o f Rat 
U rine (Q uerce tin  
D ie t)  7 and 8 Days
C d
E th e r E x tra c t o f  Rat 
U rine (Q uerce tin  
D ie t)  9 and 10 Days
,.î
“  CO' '
O Ï Q Y 1
o '' 0 "OrO a . î X ^ 0 * I
E th er E x tra c t o f Rat 
U rine (Q uercetin  
D ie t)  11 and 12 Days
E th e r  E x tra c t o f  Rat 
U rine  (Q uerce tin  
D ie t)  13 and 14 Days
Y = Yellow 
Or = Orange 
R = Red 
P a P ink
1
2
3
4
Q-1
Q-2
Q-3
Q-4
5 = Q-5
6 = Q-6
7 ■ Q-7
8 s Q-8
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(7 1 /2" X 23") o f  S 6c S #589 red  rib b o n  paper and developed  in  th e  20% 
po tassium  c h lo r id e -w a te r  system . A fte r  developm ent, a 1 to  1 1 /2  cm. 
guide s t r i p  was c u t o f f  th e  s id e  o f each p ap e r. These s t r i p s  were th en  
sprayed  w ith  d ia z o tiz e d  s u l f a n i l i c  acid -sod ium  c a rb o n a te  reag e n t (2 4 ).
T his re v e a le d  th e  p re sen ce  o f fo u r zones as i l l u s t r a t e d  in  F ig u re  8.
The zone moving th e  f a r t h e s t  in  th e  system  was c u t o u t o f  th e  paper and 
sewn onto  a f re s h  sh e e t o f  S 6c S #589 pap er and th e n  developed in  th e  
c h lo ro fo rm -a c e tic  a c id -w a te r  (2 :1 :1  v /v , o rg an ic  phase) system  (F ig u re  8 ) . 
A guide s t r i p  from th a t  paper was sprayed  w ith  th e  d ia z o tiz e d  s u l f a n i l i c  
a c id  re a g e n t. A f te r  sp ray in g , one cou ld  see  th re e  zones in  v i s ib l e  l i g h t :  
th e  f a r th e s t  moving one was pink  a f t e r  sp ray in g ; th e  m iddle one was ye llow ; 
and th e  s lo w est moving one was yellow -brow n. The f a r t h e s t  moving zone 
was c u t ou t o f  th e  p ap e rs  and e lu te d  w ith  75% e th a n o l-w a te r ; so was th e  
m iddle zone. The e lu a te s  were co n ce n tra te d  in  vacuo, sp o tte d  on S 6c S 
#589 paper and developed tw o-d im ensionally  in  20% p o tassium  c h lo r id e -  
w ate r and c h lo ro fo rm -a c e tic  a c id -w a te r . The f a r th e s t  moving zone was 
found by Rj v a lu e s  to  be compound Q-3, and th e  m iddle zone was compound
Q-1.
Compounds Q-1 and Q-3 were compared by p ap er chrom atography 
to  a number o f  a ro m atic  a c id s  th a t  one m ight su sp e c t to  be p re s e n t .  Q-3 
was found to  be id e n t i c a l  w ith  hom ovan illic  a c id  (4-hydroxy-3-m ethoxy- 
p h e n y la c e tic  ac id )  (T ab les 3 and 4 ) ,  which had been re p o r te d  as  a 
u r in a ry  m e tab o lic  p ro d u c t by DeEds e t  a l . (2 4 ). Q-1 was found by paper
chrom atography to  be id e n t i c a l  w ith  m-hydroxyphenyl a c e t ic  a c id  (T ables 
3 and 4 ) ,  a ls o  re p o r te d  by DeEds e t  a l . (2 4 ).
When Q-3 was developed in  c h lo ro fo rm -a c e tic  a c id -w a te r , th e
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FIGURE 8
SEPARATION OF COMPOUNDS Q-1 AND Q-3
C olors Are Under V is ib le  L igh t Except 
Where O therw ise D esignated
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TABLE 3
Rf VALUES OF REFERENCE AROMATIC ACIDS
Compound 1 2 3
S o lv e n t System* 
4 5 6 7 8
H o m o v an illic  Acid 0 .7 7 0 .8 5 0 .87 0 .79 0 .5 1 0 .7 1 - - - - - -
m -Hydroxyphenyl a c e t i c  A cid 0 .8 0 0 .73 0 .96 0 .7 4 0 .6 6 0 .4 8 - - -
3 , 4 -D ihydroxyphenyl a c e t i c  A cid 0 .7 2 0 .2 5 0 .8 2 0 .7 2 0 .5 4 0 .1 6 — — — “ “ —
m -H ydroxypheny lp rop ion ic  A cid 0 .5 3 0 .76 0 .96 0 .77 - -  - ---- 0 .1 5 0 .4 0
m -H ydroxycinnam ic A cid 0 .2 1 0 .76 0 .9 1 0 .4 6 - -  — — “ — 0 .2 1 0 .4 4
V a n i l l i c  A cid 0 .3 4 0 .87 0 .9 2 0 .66 — — — 0 .07 0 .2 5
u>Ln
S o lv e n t System : 1 . 20% P o ta ss iu m  C h lo rid e -W ate r
2 . C h lo ro fo rm -A ce tic  A cid-W ater ( 2 :1 :1  v /v ,  low er la y e r )
3 . n -B u ta n o l-A c e tic  A cid-W ater ( 6 :1 :2  v /v )
4 . 15% A c e tic  A cid-W ater
5 . Isopropanol-Am m onium  H ydrox ide-W ater ( 8 :1 :1  v /v )
6 . B enzene-P rop io n ic  A cid-W ater ( 2 :1 :1  v /v )
7 . n-Butanol-Amraonium C arb o n ate  B u f fe r  (1 1 :1 9 ) (18) S a tu r a te d  w ith  C hlo ro fo rm
8 . n-Butanol-E thanol-A m m onium  C arb o n a te  B u ffe r  (1 1 :4 0 :1 9 )
TABLE 4
COLOR REACTION OF REFERENCE AROMATIC ACIDS
C o lo r D evelop ing  Agent
Compound
D ia z o t iz e d  
S u l f a n i l i c  
A cid (20)
D ia z o t iz e d  
p - N i t r o -  
a n i l i n e  (25)
Ammonium
M olybdate
(26)
H o m o v an illic  A cid V io le t Grey No C o lo r
m -Hydroxyphenyl a c e t i c  Acid Y ellow P u rp le No C o lo r
3 , 4 -D ih y d ro x y p h e n y la c e tic  A cid Pink-Brow n Brown Y ellow
m -H ydroxypheny lp rop ion ic  A cid Y ellow P u rp le No C o lo r
m -H ydroxycinnam ic A cid Y ellow P u rp le No C o lo r
V a n i l l i c  A cid O range No C o lo r
D ia z o t iz e d
B en z id in e
(27)
wo\
Brown
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f ro n t  h a l f  o f  th e  sp o t was p ink  w h ile  th e  t r a i l i n g  h a l f  was o range .
T his i s  th e  same b eh av io r th a t  i s  e x h ib ite d  when h om ovan illic  and 
h o ra o iso v a n illic  a c id s  a re  mixed. I t  was n ev er p o s s ib le  to  p u l l  th e se  
com ple te ly  a p a r t  f o r  unequ ivocal p ro o f , b u t a l l  chromatograms s tu d ie d  
in d ic a te d  th a t  h o ra o iso v a n illic  a c id  was a ls o  p re s e n t  in  th e  u r in e .
A ll chrom atographic com parisons were run  s id e  by s id e  on th e  same 
sh e e t o f  chrom atographic paper to  m inim ize th e  number o f  v a r ia b le  
c o n d it io n s .
To s e p a ra te  th e  rem ainder o f  th e  compounds, i t  was found 
advantageous to  develop th e  s tre a k e d  chromatogram s in  th e  ch lo ro fo rm - 
a c e t ic  a c id -w a te r  (2 :1 :1  v /v , o rg an ic  phase) s o lv e n t system  f i r s t .  The 
s e p a ra t io n  ach ieved  by t h i s  so lv e n t system  is  shown in  F ig u re  9 .
The s lo w est moving zone in  t h i s  system  (d es ig n a ted  CAW-1) 
was c u t o u t and e lu te d  w ith  75% e th a n o l-w a te r . When sp o tte d  on S & S 
#589 p ap er and developed tw o-d im ensionally  in  c h lo ro fo rm -a c e tic  a c id -  
w a te r and th en  in  20% po tassium  c h lo r id e  w a te r , CAW-1 was found to  be 
id e n t ic a l  w ith  compound Q-4. This compound was compared to  v a r io u s  
p h e n o lic  a c id s  and found to  be id e n t ic a l  w ith  3, 4 -d ihydroxypheny l- 
a c e t ic  a c id  (T ab les 3 and 4 ) .  T h is compound was re p o r te d  as p re s e n t 
in  th e  u r in e  by DeEds (2 4 ) . The f a i l u r e  o f  P e tr a k i s  (6 ) to  f in d  t h i s  
compound was p robab ly  because h is  sodium c a rb o n a te  e x t r a c t io n  b rough t 
about o x id a tio n  o f  th e  compound.
The zone d e s ig n a te d  CAW-2 in  F ig u re  9 was a ls o  e lu te d  w ith  
75% e th a n o l-w a te r . Paper chrom atographic com parison proved th a t  i t  was 
th e  same as Q-1, whose id e n t i f i c a t i o n  has a lre a d y  been d isc u sse d .
The zone d e s ig n a te d  CAW-3 was sewn on f re s h  sh e e ts  o f  S & S
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FIGURE 9
CHROMATOGRAPHIC SEPARATION OF COMPOUNDS Q-1, Q-2, Q-3, Q-4 AND Q-5
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#589 paper and developed in  th e  20% po tass iu m  c h lo r id e -w a te r . T his 
system  re so lv e d  th e  CAW-3 zone in to  two zones, d e s ig n a ted  CAW-3-1 and 
CAW-3-2 (F ig u re  9 ) .  These zones were th e n  e lu te d  w ith  a b so lu te  e th a n o l 
in  o rd e r  to  m inim ize th e  amount o f  s a l t  e lu te d .
The zone CAW-3-2 was sp o tte d  on an 11 1/2" x 12" sh e e t o f  
S & S #589 paper and developed tw o-d im ensionally  in  c h lo ro fo rm -a c e tic  
ac id -w a te r  and in  20% po tassium  c h lo r id e -w a te r .  T h is e s ta b l is h e d  th a t  
CAW-3-2 was id e n t ic a l  w ith  compound Q-2. On com parison w ith  v a r io u s  
p h en o lic  a c id s ,  and by mixed p ap er chrom atography, Q-2 was found to  be 
id e n t ic a l  w ith  m -hydroxyphenylpropionic a c id  (T ables 3 and 4 ) .  The 
s ta n d a rd  m -hydroxyphenylpropionic a c id  was p rep a red  by c a t a ly t i c  red u c­
t i o n  o f  m-hydroxycinnamic ac id  u s in g  10% p a llad iu m  on powdered c h a rc o a l.  
The m -hydroxycinnam ic a c id  was p rep a red  from m-hydroxybenzaldehyde u s in g  
th e  Doebner m o d if ic a tio n  o f  th e  P e rk in  r e a c t io n  (2 8 ).
Zone CAW-3-1, when developed tw o-d im ensionally  as d e sc rib e d  
b e fo re , was found to  be id e n t ic a l  w ith  compound Q-5. Since t h i s  com­
pound, as w e ll as Q-2, were e x c re te d  by th e  r a t s  beginn ing  w ith  th e  
f i r s t  day, they  were o f  c o n s id e ra b le  i n t e r e s t .  Compound CAW-3-1 was 
compared ch ro m a to g rap h ica lly  to  numerous p h en o lic  compounds and was 
found no t to  be id e n t ic a l  w ith  any o f  th o se  te s t e d .  The chrom atographic 
b eh av io r o f  t h i s  compound i s  shown in  T ab le 5 . The compound was v ery  
s im i la r  to  3, 4 - d ih y d ro x y p h en y lace tic  a c id  in  i t s  c o lo r  re a c tio n s  w ith  
th e  d ia z o tiz e d  sp ra y s . Chromatograms o f  th e  compound were sp rayed  w ith  
th re e  re a g e n ts  used  fo r  c a te c h o l type compounds: s a tu ra te d  aqueous
s o lu t io n  o f  ammonium m olybdate (2 6 ), 2% aqueous s o lu tio n  o f  phospho- 
molybdic a c id  fo llow ed  by ammonia vapor (2 9 ), and 0.8% c o b a lt n i t r a t e
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TABLE 5
CHROMATOGRAPHIC BEHAVIOR OF COMPOUND Q-5
Rf V alues
S o lven t System Q-5 Compound G Compound H
20% Potassium  C hloride-W ater 0 .48 0.56 0.58
C hloroform -A cetic Acid-W ater (2 :1 :1 ) 0 .81 0 .92 0 .68
n -B u tan o l-A ce tic  Acid-W ater (5 :1 :2 ) 0 .94 0.90 0.76
15% A cetic  Acid-W ater 0.69 0.78 0.77
Isopropanol-Ammonium Hydroxide- 
Water (8 :1 :1 ) decomposed — - - “
B enzene-Propionic Acid-W ater (2 :1 :1 ) 0 .58 0.89 0 .44
C olor R eac tio n s
C olor D eveloping Agent Q-5 Compound G Compound H
D iazo tize d  S u l f a n i l i c  Acid Reagent Pink 
Changing 
to  Brown
Yellow Pink
D iazo tize d  p -N itro  A n ilin e  Reagent Brown - - - ----
Ammonium M olybdate Reagent Yellow No Color Yellow
F e r r ic  C h lo ride  Reagent Green ----
Phosphomolybdic Acid Reagent Blue - - - - -  -
Potassium  Permanganate Brown - - - - - -
S i lv e r  N i tr a te Black - - “ - - -
C obalt N i tr a te Blue -  - -
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hexahydra te  fo llow ed  by a 40% s o lu t io n  o f  sodium h yd rox ide  (30) (Table 
5 ) .  A ll o f  th e s e  re a g e n ts  gave p o s i t iv e  t e s t  r e s u l t s  t h a t  Q-5 was an 
o rth o -d ih y d ro x y  compound. The u l t r a v i o l e t  a b so rp tio n  spectrum  o f  Q-5 
was alm ost id e n t ic a l  w ith  th e  s p e c tr a  o f 3, 4 -d ihyd ro x y eth y lb en zen e  
and â “ (3 , 4 -d ihydroxypheny l) - V -v a le ro la c to n e  (9 ) .  T h is  h e lp s  to  
e s ta b l i s h  th a t  Q-5 i s  a 1, 2, 4 t r i s u b s t i t u t e d  p h e n o lic  compound w ith  
a d ja c e n t hydroxy groups.
The in f r a r e d  a b so rp tio n  spectrum  o f Q-5 in d ic a te d  a f r e e
-1  -1hydroxy group a t  3500 cm and a carbony l peak a t  1700 cm th a t  is
v e ry  l ik e ly  a la c to n e  ca rb o n y l. T h is  peak i s  a t  a low er wave number
th an  i s  u s u a l,  b u t i s  in  good agreem ent w ith  th e  la c to n e  carbony l in
-1
6, 7 -dihy droxycoumar in  which occurs  a t  1670 cm . The in f r a r e d  spectrum  
a ls o  h e lp s  to  s u b s ta n t i a te  th e  1, 2, 4 t r i s u b s t i t u t i o n .  Bellamy (31)
l i s t s  a b so rp tio n s  in  th e  fo llo w in g  reg io n s  to r  t h i s  ty p e  s u b s t i tu t io n :
—1 —1 —1
1225-1175 cm , 1125-1090 cm , two bands between 1070-1000 cm , and
one band 1175-1125 cm . Q-5 has th e  fo llo w in g  a b so rp tio n s : 1190 cm
—1 -1 —1 — 1
1110 cm , 1040 cm , 1000 cm , and 1150 cm .
Compound Q-5 was h ea ted  a t  steam  ba th  te m p era tu re  in  a 6N 
s o lu t io n  o f  h y d ro c h lo r ic  a c id  fo r  one hour. At th e  end o f  t h i s  tim e 
th e  s o lu t io n  was e x tra c te d  w ith  e th e r ,  th e  e x t r a c t  c o n c e n tra te d  and 
sp o tte d  on a  sh e e t o f  S & S #589 p ap e r. The paper was developed in  
c h lo ro fo rm -a c e tic  a c id -w a te r  and sprayed  w ith  th e  d ia z o t iz e d  s u l f a n i l i c  
a c id  re a g e n t. T h is tre a tm e n t re v e a le d  th a t  th e  compound was unchanged 
by a c id  h y d ro ly s is .
The compound was th en  su b je c te d  to  b a s ic  s a p o n if ic a t io n  by 
h e a tin g  a t  steam  b a th  tem p era tu re  in  a IN a lc o h o lic  sodium hydroxide
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s o lu tio n  fo r  20 m in u tes . The s o lu t io n  was th e n  n e u t ra l iz e d  w ith  
h y d ro ch lo ric  a c id  and e x tra c te d  w ith  e th e r .  Both th e  e th e r  e x t r a c t  
and th e  o r ig in a l  a c id  h y d ro ly sa te  were t r e a te d  ch ro m a to g rap h ica lly , 
and th e  compound was reco v e re d  unchanged.
Compound Q-5 was m e th y la ted  w ith  diazom ethane, and th e  
in f r a r e d  a b so rp tio n  cu rve  o f  th e  p roduct was tak en  on a Model 137 
P erk in  Elmer In f ra c o rd .  The spectrum  in d ic a te d  th a t  th e re  was p ro b ­
ab ly  a hydroxy group s t i l l  p re se n t th a t  had no t been m e thy la ted  by th e  
d iazom ethane. T his in d ic a te d  th a t  a hydroxy group l ik e ly  was p re se n t 
on th e  non -arom atic  p o r t io n  o f  th e  m o lecu le . The a b so rp tio n  peak due 
to  th e  carbony l was unchanged by th e  m é th y la tio n .
An a lk a l in e  fu s io n  o f  t h i s  compound was a lso  c a r r ie d  o u t.
The compound was d is s o lv e d  in  IN sodium hydrox ide and h ea ted  in  an 
oven a t  110° C. fo r  24 h o u rs . The re s id u e  was d is so lv e d  in  w a te r, 
n e u t ra l iz e d  w ith  h y d ro c h lo r ic  a c id  and e x tra c te d  w ith  e th e r .  The 
e x t r a c t  was th en  developed tw o-d im ensionally  in  c h lo ro fo rm -a c e tic  a c id -  
w ater and in  20% po tassium  c h lo r id e -w a te r . The p ap er, a f t e r  sp ray in g  
w ith  th e  d ia z o tiz e d  s u l f a n i l i c  a c id  re a g e n t, re v e a le d  th e  p resen ce  o f 
a compound th a t  appears  to  be 3 , 4 -d ihydroxybenzo ic  a c id . T his w i l l  
have to  be re p e a te d  on a  la rg e r  amount o f  Q-5 in  o rd e r  to  prove t h i s  
id e n t i t y  u n e q u iv o c a lly .
Compound Q-5 was compared by paper chrom atography to  th e  
la c to n e  i s o la te d  by Dr. Watanabe (9) from th e  u r in e  o f  r a b b i t s  fed  
( / )  c a te c h in . These la c to n e s  a re  compounds G, ^ - (3 -hydroxypheny l)- 
/ - v a le r o la c to n e ,  and compound H, ^ - ( 3 ,  4 -d ih y d ro x y p h e n y l)-V - 
v a le ro la c to n e , bo th  k in d ly  su p p lie d  by Dr. Watanabe o f  Jap an . The
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Rg v a lu es  o f  th e  above a re  found in  T able 5. Compound Q-5 i s  very  
s im ila r  in  chrom atographic b ehav io r and c o lo r  re a c tio n  to  th e  compound 
H, bu t i t  was n o t id e n t i c a l .
Compounds Q-6, Q-7 and Q-8 were n o t i s o la te d  from t h i s  u r in e  
because o f  i n s u f f i c i e n t  u r in e  m a te r ia l .  In  o rd e r  to  i s o la t e  th e se  com­
pounds, te n  fem ale a lb in o  r a t s  were t r e a te d  in  th e  same manner as de­
sc r ib e d  p re v io u s ly ; th e  e x tra c t io n s  and r e la t e d  p rocedures were th e  same. 
The i s o la t io n  p ro ced u re , however, was c o n s id e ra b ly  d i f f e r e n t .
The e th e r  c o n c e n tra te  (50 m l.) was e x tra c te d  th re e  tim es w ith  
50 ml. o f  a  s a tu r a te d  s o lu t io n  o f  sodium b ic a rb o n a te . The b ic a rb o n a te  
e x t r a c t  (150 m l.)  was th en  r e - e x t r a c te d  w ith  two 50 ml. p o r t io n s  o f  
e th e r .  The b ic a rb o n a te  s o lu tio n  was a d ju s te d  to  a pH o f approx im ate ly  
fo u r , and th en  i t  was e x tra c te d  w ith  th re e  50 ml. p o r tio n s  o f  e th y l  
a c e ta te .  T h is gave a r e s o lu t io n  o f  th e  u r in e  in to  an e th e r  e x t r a c t  
which co n ta in ed  th e  n o n -a c id ic  compounds and an e th y l a c e ta te  f r a c t io n  
which co n ta in ed  th e  a c id ic  compounds. Compound Q-5 and th e  unchanged 
q u e rc e tin  were in  th e  n o n -a c id ic  f r a c t io n .  The a c id ic  f r a c t io n  was 
checked by two d im ensional chrom atography and found to  c o n ta in  com­
pounds Q-1, Q-2, Q-3, Q-4, Q-6, Q-7, and Q-8.
The e th e r  e x t r a c t  (n o n -a c id ic )  was adsorbed  on a  Magnesol 
column th a t  was packed in  m ethanol. The column was th en  developed 
w ith  w a te r - s a tu ra te d  e th y l a c e ta te ,  and seven 500 m l. f r a c t io n s  were 
c o l le c te d .  The f r a c t io n s  were reduced in  volume to  15 ml. each, 
sp o tte d  on S & S #589 paper and developed in  c h lo ro fo rm -a c e tic  a c id -  
w a te r. Compound Q-5 was p re s e n t in  f r a c t io n s  one and two.
The e th y l  a c e ta te  e x t r a c t  was adsorbed  on a Magnesol column
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th a t  was packed in  m ethano l. The column was developed w ith  ch lo ro fo rm - 
w ater s a tu ra te d  e th y l a c e ta te  (2 :1 ) .  There w ere e ig h t  f r a c t io n s  ta k en  
o f  th e  e lu a te ;  each o f  th e s e  was reduced in  volume to  15 m l.,  sp o tte d  
on S & S #589 paper and developed in  c h lo ro fo rm -a c e tic  a c id -w a te r . 
F ra c tio n s  one through th r e e  co n ta in ed  most o f th e  a c id s  w ith  th e  ex­
c e p tio n  o f  3 , 4 -d ih y d ro x y p h en y lace tic  a c id ; f r a c t io n  fo u r c o n ta in e d  a l l  
o f  th e  a c id s , and f r a c t io n s  f iv e  and s ix  co n ta in ed  m ainly  3, 4-d ihydroxy- 
p h e n y la c e tic  a c id .
F ra c tio n s  one th rough  th re e  were combined and s tre a k e d  on 15 
sh e e ts  o f  S & S #589 pap er (7 1 /2" x 2 3 "). These were th en  developed 
in  15% a c e t ic  a c id -w a te r . In  o rd e r  to  lo c a te  each zone, a guide s t r i p  
was cu t o f f  and sprayed  w ith  d ia z o tiz e d  s u l f a n i l i c  a c id  re a g e n t. An 
orange zone w ith  an v a lu e  o f approxim ately  0 .6  was c u t o u t o f  th e  
papers and e lu te d  w ith  m ethanol. The e lu a te  was reduced  in  volume to  
5 ml. and sp o tte d  on S & S #589 paper a long w ith  v a r io u s  o th e r  p h en o lic  
a c id s . T his compound was found to  be impure a t  t h i s  s t a t e ;  th e re fo re ,  
i t  was s tre a k e d  on f iv e  sh e e ts  o f  S & S #589 paper and developed in  
c h lo ro fo rm -a c e tic  a c id -w a te r  (2 :1 :1  v /v ,  o rg an ic  p h a se ) . The same 
p rocedure o f  lo c a tio n  and e lu t io n  as d esc rib e d  above was used  to  e lu te
th e  zone. I t  was th en  s p o tte d  on S & S #589 paper a long  w ith  v a r io u s
o th e r  p h en o lic  a c id s ,  and found to  be id e n t ic a l  w ith  v a n i l l i c  a c id
(T ables 3 and 4 ) .  I t  was d is tin g u is h e d  from i s o v a n i l l i c  a c id  by th e
method o f  H ergert and Goldschmid (27 ).
Two-dim ensional chromatograms o f  th e  u r in e  had in d ic a te d  
th a t  compounds Q-7 and Q-8 were in  th e  same p o s i t io n  as m-hydroxy- 
benzoic a c id  and m-hydroxycinnamic a c id .  The gu ide band from th e
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paper run  in  15% a c e t ic  ac id -w a te r  had a y e llo w  zone a f t e r  sp ray in g  
a t  0 .5  (ap p ro x im a te ly ). T his zone was c u t o u t and e lu te d  w ith  m ethano l.
When s p o tte d  on S & S #589 p aper and developed tw o-dim ension- 
a l ly  in  20% p o tassium  c h lo r id e -w a te r  and c h lo ro fo rm -a c e tic  a c id -w a te r , 
t h i s  zone was found to  c o n ta in  fo u r s p o ts .  Two o f th e se  compounds had 
p re v io u s ly  been proved to  be m -hydroxyphenylacetic  a c id  and m-hydroxy- 
p h en y lp ro p io n ic  a c id . Mixed paper chrom atography in d ic a te d  th a t  m- 
hydroxybenzoic a c id  was one o f  th e  o th e r  two. Mixed paper chrom atography 
a lso  in d ic a te d  th a t  th e  o th e r  sp o t was m -hydroxycinnam ic a c id . T his 
compound, Q-8, was se p a ra te d  from th e  o th e r  th r e e  by chrom atography, 
f i r s t  in  20% p o tassium  c h lo r id e -w a te r , and th e n  in  15% a c e t ic  a c id -w a te r . 
The Rg v a lu es  and c o lo r  re a c tio n s  in d ic a te d  th a t  th e  unknown compound i s  
m -hydroxycinnam ic a c id  (T ables 3 and 4 ) .
Feeding o f T etram ethy l Q u e rce tin  to  th e  Animals 
One fem ale a lb in o  r a t  was p la ced  in  a m etabolism  cage (Acme 
Company) and fed  N u tr i t io n a l  B iochem icals S y n th e tic  Complete T es t D ie t .  
The anim al was m ain ta ined  on th i s  d ie t  fo r  f iv e  days. At th e  end o f  
th a t  tim e th e  anim al was pu t on a d ie t  th a t  c o n ta in ed  1% 3 ' ,  4 ' ,  5, 7- 
te tra ra e th y l q u e rc e tin  and 99% o f th e  above t e s t  d i e t .  The u r in e  from 
th e  anim al was c o l le c te d  under to lu e n e  f o r  72 h o u rs . At th e  end o f  th a t  
tim e th e  u r in e  was a c id i f ie d  to  pH 5 and e x tra c te d  fo u r tim es w ith  50 m l. 
p o r tio n s  o f  e th e r .
Chromatography o f  U rine  E x tra c t 
The above e x t r a c t  was c o n c e n tra te d  to  3-5 ml. and s p o tte d  on 
S & S #589 p ap er. The paper was th en  developed tw o-d im ensionally  in
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c h lo ro fo rm -a c e tic  a c id -w a te r  and in  20% po tass iu m  c h lo r id e -w a te r .  When 
examined under u l t r a v i o l e t  l i g h t  (lo n g  w av eleng th ), th e re  were two f lu o ­
re s c e n t  compounds v i s i b l e .  One o f  th e se  co rresponded  to  th e  o r ig in a l  
te tra m e th y l q u e rc e tin ,  and th e  o th e r  was a p p a re n tly  a lso  a f la v o n o id . 
S ince t h i s  anim al was in  a m etabolism  cage o f  such d es ig n  th a t  i t  was 
p r a c t i c a l l y  im possib le  to  mix th e  food w ith  th e  u r in e ,  t h i s  e s ta b l is h e d  
th a t  th e  fla v o n o id  was absorbed  by th e  anim al i n t a c t .
A d m in is tra tio n  o f 3, 4 -D ihyd roxvpheny lace tic  Acid to  th e  Rat
The p rocedures and amounts used h ere  were id e n t ic a l  w ith  th o se  
u sed  f o r  th e  s tu d ie s  w ith  te tra m e th y l q u e rc e tin .  Chromatography o f  th e  
u r in e  re v e a le d  only  h om ovan illic  a c id  and unchanged 3, 4 -d ihydroxyphenyl­
a c e t ic  a c id . DeEds e t  a l . (32) s ta te d  th a t  a d m in is tra t io n  o f  3, 4 - d i ­
hyd roxyph en y lace tic  in c re a se d  th e  amount o f  m -hydroxyphenylacetic  ac id  
e x c re te d  by anim als fed  a  normal d i e t .  They th e re fo re  a t t r i b u t e d  th e  
in c re a s e  in  m -hydroxyphenylacetic  a c id  to  be due to  th e  p r io r  fo rm ation  
o f  3, 4 -d ih y d ro x y p h en y lace tic  a c id  from th e  q u e rc e tin .  From th e  e x p e r i­
m ents perform ed h e re , i t  seems very  u n lik e ly  th a t  t h i s  i s  th e  c a se .
CHAPTER V
EXPERIMENTS ON THE FATE OF FLAVONOID COMPOUNDS WITH 
GASTRIC MUCIN AND IN THE RAT STOMACH
Breakdown o f V arious F lavonoids by G a s tr ic  Mucin 
K a llian o s  (10) re p o r te d  th a t  g a s t r i c  mucin (N u tr i t io n a l  
B iochem icals) had th e  a b i l i t y  to  break down q u e rc e tin  to  3, 4 -d i-  
hydroxybenzoic a c id , p h lo ro g lu c in o l and p h lo ro g lu c in o l c a rb o x y lic  
a c id .
The f i r s t  experim ent o f  th i s  au th o r was to  check th e  e f f e c ­
t iv e n e s s  o f  th i s  p re p a ra t io n  on v a rio u s  f la v o n o id s . The compounds 
t r i e d  were: q u e rc e tin  (3 , 5, 7, 3 ’ , 4 ' -p en tah y d ro x y flav o n e), morin
(3 , 5, 7, 2 ' ,  4 '-p en ta h y d ro x y flav o n e ), m y ric e tin  (3 , 5, 7, 3 ' ,  4 ' ,  
5 '-h ex ah y d ro x y flav o n e), r o b in e t in  (3 , 7, 3 ' ,  4 ' ,  5 '-p en tah y d ro x y ­
f la v o n e ) , t r i c i n  (5 , 7, 4 ' - tr ih y d ro x y -3 ' ,  5 '-d im e th o x y flav o n e ), f l a -  
vone, f la v o n o l (3 -h y d ro x y flav o n e), r u t i n  (3-rham noglucoside o f  qu er­
c e t in ) ,  and q u e r c i t r in  (3-rham noside o f q u e rc e t in ) .  The procedure 
used  was as fo llow s: 0 .5  g. o f  g a s t r i c  mucin was homogenized w ith
5 ml. o f  c i t r a t e  b u f fe r  (pH 2 .5 ) .  To th i s  homogenate was added 10-15 
mg. o f th e  compound to  be te s te d .  Blanks were made up fo r  each com­
pound. These were id e n t ic a l  to  th e  sample excep t th a t  th e  g a s t r i c  
mucin was l e f t  o u t.
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The b lanks and sam ples were in cu b a ted  a t  41° C. fo r  72 h ou rs .
At th e  end o f  t h i s  tim e th e  s o lu tio n s  were e x tra c te d  w ith  100 m l. o f  
e th e r  and chrom atographed tw o-d im ensionally  in  20% p o tassium  c h lo r id e -  
w ate r and c h lo ro fo rm -a c e tic  a c id -w a te r  (2 :1 :1  v /v , o rg a n ic  p h a se ) . A ll 
p ap e rs , w ith  th e  ex cep tio n  o f  th o se  o f flav o n e  and f la v o n o l, were sprayed  
w ith  d ia z o tiz e d  s u l f a n i l i c  a c id , fo llow ed  by sodium ca rb o n a te  (2 0 ). The 
b lank  and sample papers  o f  f lav o n e  and f la v o n o l w ere sp rayed  w ith  a b u f f ­
e red  s o lu tio n  o f  m ethyl re d  (1 8 ).
Q u erce tin , m orin, r u t i n ,  q u e r c i t r in ,  r o b in e t in ,  flav o n e , and 
f la v o n o l were a l l  changed d u ring  th e  experim ent. The m y ric e tin  and t r i ­
c in  were u n a ffe c te d  by th e  tre a tm e n t.
Chrom atographic I d e n t i f i c a t io n  o f  Q u erce tin  Breakdown P roducts
The tw o-dim ensional chromatogram of th e  breakdown p ro d u c ts  o f 
q u e rc e tin  w ith  th e  g a s t r i c  mucin p re p a ra t io n  i s  found in  F ig u re  10. The 
a re a  la b e le d  "c" had v a lu es  and c o lo r  r e a c t io n  id e n t ic a l  to  3, 4 -d i-  
hydroxybenzoic a c id , as re p o r te d  by K a llian o s  (3 3 ), who had a lso  re p o rte d  
t h a t  p h lo ro g lu c in o l and p h lo ro g lu c in o l ca rb o x y lic  a c id  were th e  o th e r  
p ro d u c ts . N e ith e r o f  th e se  l a t t e r  two compounds, however, were found. 
There were two compounds, in s te a d , which appeared somewhat s im ila r  
(F ig u re  10, a re a s  la b e le d  "a" and "b") to  p h lo ro g lu c in o l and p h lo ro g lu ­
c in o l  c a rb o x y lic  a c id . Whereas p h lo ro g lu c in o l and p h lo ro g lu c in o l c a r ­
b o x y lic  a t i d  f lu o re s c e  b lu e  in  u l t r a v i o l e t  l i g h t  when exposed to  ammonia, 
n e i th e r  o f  th e se  compounds dem onstrated  t h i s  p ro p e r ty .
The a re a  la b e le d  "a"  had v a lu e s  and c o lo r  r e a c t io n s  very  
s im i la r  to  4 , 6-dihydroxybenzalcouraaran-3-one. The form er compound 
co u ld  n o t be e lu te d  from p aper w ith  any so lv e n t t r i e d ;  co n seq u en tly .
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FIGURE 10
TWO-DIMENSIONAL CHROMATOGRAM OF QUERCETIN BREAKDOWN 
PRODUCTS WITH GASTRIC MUCIN
1. 20% Potassium  C hloride-W ater
2. C hloroform -A cetic  Acid-W ater (2 :3 :5 )
a . Y ellow w ith  D iazo tize d  S u l f a n i l i c  Acid
b. Yellow w ith  D ia z o tiz e d  S u l f a n i l i c  Acid
c . Red w ith  D iazo tize d  S u l f a n i l ic  Acid
d. Yellow w ith  D ia z o tiz e d  S u l f a n i l ic  Acid
e . Orange w ith  D iazo tize d  S u l f a n i l i c  Acid
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a id e  by s id e  com parison was n o t accom plished. Sodium hydrox ide de­
graded th e  known coumaranone to  p h lo ro g lu c in o l, p h lo ro g lu c in o l c a r ­
b o x y lic  a c id , and p h lo ro g lu c in o l carboxaldehyde. For com parison on 
th e  unknown, i t  was n o t p o s s ib le  to  o b ta in  a  s u f f i c i e n t  amount o f  m ate­
r i a l  in  a re a  "a"  to  perform  th e  d e g rad a tio n  and o b ta in  id e n t i f i a b le  
p ro d u c ts .
A ttem pted F ra c t io n a t io n  o f G a s tr ic  Mucin 
F ra c tio n a tio n  o f  g a s t r i c  mucin to  o b ta in  a h ig h ly  a c t iv e  f r a c ­
t io n  was t r i e d ,  u s in g  th e  method o f  K a llia n o s  (33 ), which was adap ted  
from th e  work o f  Richmond (3 4 ). One gram o f g a s t r i c  mucin was homoge­
n iz ed  w ith  50 m l. o f  c i t r a t e  b u f fe r  (pH 2 .5 ) .  T h is was th en  p assed  
th rough a column o f A m berlite  ion  exchange r e s in  IRC-50 . The f i r s t  
f r a c t io n  th a t  came th rough co n ta in ed  most o f  th e  a c t i v i t y .  A rough 
check o f  a c t i v i t y  was made by ta k in g  th e  f r a c t io n s  from th e  columns 
and adding 25 mg. o f  q u e rc e tin .  These were th en  in cu b a ted  fo r  72 hours 
a t  41 G. along  w ith  a s ta n d a rd  th a t  co n ta in ed  500 mg. o f  g a s t r i c  mucin 
and 25 mg. o f q u e rc e tin .  At th e  end o f  th e  in c u b a tio n  p e r io d , th e  sam­
p le s  were a l l  e x tra c te d  w ith  100 ml. o f  e th e r .  The e x t r a c ts  were con­
c e n tra te d  to  a very  sm all volum e, and th e  t o t a l  volume o f  each was 
sp o tte d  on s e p a ra te  sh e e ts  o f  11" x 12" S & S #589 red  rib b o n  p ap e r.
The p ap ers  w ere developed tw o-d im ensionally  in  20% po tassium  c h lo r id e -  
w ater and c h lo ro fo rm -a c e tic  a c id -w a te r . A fte r  developm ent, th e  p ap ers  
were sp rayed  w ith  th e  d ia z o tiz e d  s u l f a n i l i c  a c id  re a g e n t. The a re a  
occupied  by th e  in d iv id u a l breakdown p ro d u c ts  was tak en  as a  m easure 
o f  th e  a c t i v i t y .  The f r a c t io n  e lu te d  o f f  th e  column d id  n o t show any
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In c re a se  in  a c t i v i t y  over th e  o r ig in a l  g a s t r i c  mucin.
Twenty-two m i l l i l i t e r s  o f a s o lu t io n  o f  g a s t r i c  mucin, made 
up as d e sc r ib e d  above, was f r a c t io n a te d  by D r. M. R. S h e t la r  u s in g  a 
Spinco con tinuous e le c tro p h o re s is  a p p a ra tu s . T his f r a c t io n a t io n  r e ­
s u l te d  in  22 f r a c t io n s .  Not any o f  th e  f r a c t io n s  co n ta in ed  an ap p re­
c ia b le  amount o f  p ro te in .  F ra c tio n s  19 and 20 w ere high in  bound 
ca rb o h y d ra te  m a te r ia l .  Each f r a c t io n  was checked fo r  q u e rc e tin  deg ra­
d a tio n  a c t i v i t y  by adding 10 mg. o f q u e rc e tin  and l e t t i n g  th e  m ix tu re  
in c u b a te  fo r  72 hours a t  41° C. The only  f r a c t io n s  showing any a c t iv i t y  
were numbers 12 th rough  16, and th e  amount o f  breakdown in  th e se  fou r 
f r a c t io n s  was n o t a p p re c ia b le .
F ra c t io n a t io n  o f th e  m a te r ia l  was th en  t r i e d  by d ia ly s i s .  
T w en ty -five  grams o f g a s t r i c  mucin was homogenized w ith  125 ml. o f  
d i s t i l l e d  w a te r . T his was poured in to  a 1 5 /8 "  by 16" sausage cas in g  
and t i e d  s h u t.  The c a s in g  was suspended in  a beaker c o n ta in in g  one 
l i t e r  o f  d i s t i l l e d  w a te r , and was s t i r r e d  by a m agnetic s t i r r e r  under 
r e f r ig e r a t io n  fo r  48 h o u rs . At th e  end o f  t h i s  tim e, th e  w ater was 
re p la c e d  by a l i t e r  o f  f re s h  w a te r.
The d ia ly s a te  (2 1 .)  was ly o p h i l iz e d .  The t o t a l  w eight o f  
m a te r ia l  t h a t  was d ia ly z e d  ou t o f  th e  bag was 1 .9  grams. A p o r tio n  of 
t h i s  (0 .6  g .)  was d is so lv e d  in  25 ml. o f  c i t r a t e  b u f f e r  (pH 2 .5 ) ,  and 
25 rag. o f  q u e rc e tin  was added. Two c o n tro ls  were s e t  up. One co n ta in ed
0 .6  g. o f  th e  ly o p h il iz e d  m a te r ia l  and 25 ml. o f  b u f f e r .  The o th e r  con­
ta in e d  25 mg. o f  q u e rc e tin  and 25 ml. o f  th e  b u f f e r .  The th re e  s o lu ­
t io n s  w ere th e n  in cu b a ted  a t  41° C. fo r  72 h o u rs , and were th e n  e x tra c te d  
w ith  50 ml. volumes o f  e th e r .  The ly o p h il iz e d  d ia ly s a te  p lu s  q u e rc e tin
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gave about th e  same amount o f  breakdown as d id  th e  o r ig in a l  g a s t r i c  
mucin; however, th e re  were two a d d i t io n a l  s p o ts  on th e  chromatogram 
o f  th e  p ro d u c ts .
These two a d d it io n a l  sp o ts  were a ls o  found to  be p re se n t in  
th e  ly o p h iliz e d  d ia ly s a te  to  which q u e rc e tin  had no t been added. The 
s o lu tio n  which c o n ta in ed  only  q u e rc e tin  and b u f f e r  gave a b a re ly  de­
t e c ta b le  amount o f  breakdown. The compounds produced by th e  b u f fe r  and 
q u e rc e tin  a lone were id e n t ic a l  w ith  th e  p ro d u c ts  from g a s t r i c  mucin 
tre a tm e n t. The a re a  o f  sp o ts  d id  no t in d ic a te  th a t  th e  d ia ly s i s  had 
co n ce n tra te d  th e  m a te r ia l  a p p rec iab ly .
S ince th e  paper chrom atographic method o f  de term in ing  th e  
a c t i v i t y  was only  a rough approxim ation , i t  became n ecessa ry  to  f in d  a 
more q u a n t i ta t iv e  method. The most p r a c t i c a l  method to  m easure th e  
amount and r a te  o f  breakdown involved  th e  manom etric techn ique  w ith  a 
Warburg ap p a ra tu s . In  o rd e r  fo r  t h i s  te ch n iq u e  to  be s u c c e s s fu l,  th e  
r e a c t io n  had to  use oxygen o r  e l s e  carbon d io x id e  had to  be r e s p ir e d .  
T h ere fo re , i t  was n ece ssa ry  to  know w hether th e  r e a c t io n  was oxygen 
dependent o r  n o t.
The oxygen dependence was determ ined  by u s in g  a  sm all f la s k  
th a t  was so c o n s tru c te d  th a t  n itro g e n  cou ld  be used  to  f lu s h  oxygen ou t 
o f  th e  system . In  t h i s  experim ent, 0 .5  g. o f  g a s t r i c  mucin was homoge­
n iz ed  in  10 ml. o f  c i t r a t e  b u f fe r  and 25 mg. o f  q u e rc e tin  was added.
The f la s k  was th en  f lu sh ed  w ith  n itro g e n  fo r  30 m in u tes , s e a le d  and 
in cubated  a t  41° C. fo r  72 hours. The breakdown p ro d u c ts  were assayed  
by u s in g  paper chrom atography. In  t h i s  experim en t, th e re  was no d e te c t ­
a b le  breakdown. A s im ila r  experim ent was c a r r ie d  ou t where an a n t io x id a n t
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was added (a sc o rb ic  ac id ) r a th e r  th a n  th e  n i t ro g e n  atm osphere. That 
a lso  r e s u l te d  in  no d e te c ta b le  breakdown.
S ince th e  r e a c t io n  re q u ire d  oxygen, th e  m anom etric tech n iq u e  
should  have been a p p l ic a b le .  The experim ent w ith  th e  Warburg was s e t  
up as fo llo w s: fo u r  Warburg f la s k s  were used  fo r  th e  r e a c t io n  and one
as a therm obar. Each r e a c t io n  f la s k  h e ld  2.6  m l. o f  c i t r a t e  b u f fe r  con­
ta in in g  0 .2  g. o f  g a s t r i c  mucin. In  th e  r ig h t  s id e  bu lb  was p la ced  0 .2  
mg. q u e rc e tin  in  0 .2  ml. o f  b u f f e r .  The c e n te r  w e ll o f  two f la s k s  con­
ta in e d  0 .2  ml. o f  IN sodium hydrox ide . In  th e  o th e r  two f la s k s ,  th e  cen­
t e r  w e ll co n ta in ed  0 .2  ml. o f  w a te r . The ap p a ra tu s  was g iven  15 m inutes 
to  e q u i l ib r a t e  a t  th e  r e a c t io n  tem p era tu re  (37° C .) .  Readings o f  th e  
manometers were tak en  p e r io d ic a l ly  fo r  th r e e  h o u rs . The amount o f  
oxygen up take  in  th a t  p e rio d  o f tim e was found to  be i n s ig n i f i c a n t .
T h is in fo rm a tio n  coup led  w ith  th e  a c t i v i t y  o f  th e  d ia ly s a te  made i t  
appear v ery  u n lik e ly  th a t  th e  c a t a ly s t  i s  enzym atic in  n a tu re .
S ince th e  manometric te ch n iq u e  was im p ra c tic a l in  m easuring 
such a slow r e a c t io n ,  i t  was n ecessa ry  to  seek an o th e r method. Thus 
th e  fo llo w in g  method was employed: 20 g. o f  g a s t r i c  mucin was homoge­
n iz ed  in  1000 ml. o f  th e  c i t r a t e  b u f fe r  (c o n ta in in g  0 .1  g. o f  p -c h lo ro -  
m e rc u rib e n z o a te ) . T h is s o lu tio n  was f i l t e r e d  th rough  a  c e l i t e  mat 
which was n ece ssa ry  in  o rd e r to  e ra d ic a te  as much tu r b id i ty  as p o s s ib le .  
A s ta n d a rd  curve was p rep ared  by adding 1 ml. o f  95% e th an o l and 1 m l. 
o f  1% aluminum c h lo r id e  in  95% e th an o l to  9 ml. o f  g a s t r i c  mucin s o lu ­
t io n .  This was u sed  as  th e  b lank  in  a Beckman DU sp ec tro p h o to m ete r.
For th e  s ta n d a rd s , v a ry in g  amounts o f q u e rc e tin  were added in  th e  above 
m entioned 1 m l. o f  95% e th a n o l.
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For th e  r a t e  s tu d y , 2 .5  rag. o f  q u e rc e tin  were added to  250 nil. 
o f  th e  g a s t r i c  mucin s o lu t io n  and in cu b a ted  a t  41° C. A nother 250 ral. 
o f  g a s t r i c  raucin minus th e  q u e rc e tin  were in c u b a ted  to  u se  as th e  spec­
trop h o to m eter b lan k . At f iv e  hour in t e r v a l s ,  a 10 m l. sample was drawn 
from both  f la s k s ,  and 1 ml. o f  1% aluminum c h lo r id e  in  95% e th an o l was 
added. The o p t i c a l  d e n s ity  was th e n  m easured. The amount o f  q u e rc e tin  
l e f t  a f t e r  th e  v a r io u s  p e r io d s  o f  tim e i s  shown in  T ab le  6.
At th e  end o f  92 hours th e  rem ain ing  s o lu t io n  was e x tra c te d  
w ith  e th e r  and s p o tte d  on S & S #589 paper and chrom atographed two d i-  
m ensionally  in  20% po tassium  c h lo r id e -w a te r  and c h lo ro fo rm -a c e tic  a c id -  
w a te r (2 :1 :1  v /v ,  o rg an ic  p h a se ) .
A fte r  sp ray in g  w ith  d ia z o tiz e d  s u l f a n i l i c  a c id  re a g e n t (2 0 ), 
th e  chromatograms d id  n o t c o n ta in  any o f  th e  breakdown p ro d u c ts  found 
b e fo re . There was on ly  one compound th a t  was v i s i b l e  on th e  paper a f t e r  
sp ray in g . That compound tu rn e d  b lu e  in  v i s i b l e  l i g h t  when exposed to  
a c id  fumes (h y d ro c h lo r ic )  and re d  when exposed to  ammonia fumes. That 
ty p e  o f c o lo r  change i s  ty p ic a l  o f an thocyan in  p igm en ts. E v id en tly  the  
f i l t e r i n g  o f th e  g a s t r i c  mucin s o lu t io n  removed e i t h e r  th e  c a t a ly s t  o r  
some c o - f a c to r  n ece ssa ry  fo r  th e  breakdown.
A c tiv ity  o f  G a s tr ic  J u ic e
G a s tr ic  ju ic e  o f a p a t i e n t  (Rose) a t  th e  V e te ran s  Adminis­
t r a t i o n  H o sp ita l in  Oklahoma C ity ,  Oklahoma, was o b ta in e d  by pumping 
h is  stom ach. One h a l f  o f  t h i s  g a s t r i c  ju ic e  was d ia ly z e d  and then  
ly o p h il iz e d , and th e  o th e r  h a l f  was d i r e c t ly  ly o p h i l iz e d .
The two f r a c t io n s  were each d is so lv e d  in  25 ml. o f  c i t r a t e  
b u f fe r  (pH 2 .5 ) ,  and 25 mg. o f  q u e rc e tin  were added to  each f r a c t io n .
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TABLE 6
RATE OF QUERCETIN DISAPPEARANCE WITH THE 
GASTRIC MUCIN PREPARATION
Time (Hours) Mg. Q u erce tin /1 0  ml.
0 0.107
5 0.114
10 0.085
15 0.066
20 0.058
25 0.053
30 . 0.043
34 0.037
42 0.031
48 0.025
57 0.019
66 0.014
72 0.011
92 0.003
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A blank  co n ta in in g  25 m l. o f  b u f fe r  and 25 mg. o f  q u e rc e tin  was a lso  
p rep a red . A fte r  th e  th re e  samples had then  in cu b a ted  f o r  24 hours a t  
41° C. u t i l i z i n g  m agnetic s t i r r i n g ,  they  were each e x tra c te d  w ith  100 
ml. o f  e th e r .  The e th e r  e x t r a c ts  were reduced in  volume and sp o tte d  
on Whatman #1 p ap er. N e ith e r f r a c t io n  showed any breakdown a t  a l l  o f 
th e  q u e rc e tin .
Experim ents In v o lv in g  th e  T ied -O ff Rat Stomach 
Four w h ite  fem ale r a t s  o f  th e  Sprague-Dawley s t r a i n ,  each 
approxim ately  400 g . in  w eigh t, were used fo r  t h i s  experim ent. Each 
a n im a l's  abdominal c a v ity  was opened s u rg ic a l ly ,  th e  stomach was t i e d  
o f f  w ith  s u rg ic a l  gu t j u s t  below th e  p y lo ru s , and th e  abdom inal c a v i ty  
was then  c lo sed  w ith  s u rg ic a l  s ta p le s .
Q uerce tin  (10 mg.) suspended in  d i s t i l l e d  w ater was th en  given  
to  th e  anim als by means o f stomach tu b e s . At th e  end o f  4 , 7, 11, and 
24 h o u rs , th e  an im als were s a c r i f ic e d  and t h e i r  stomachs removed. The 
co n ten t o f each stomach was e x tra c te d  w ith  200 m l. p o r tio n s  o f e th e r .  
These e x t ra c ts  were th en  reduced in  volume and s p o tte d  on Whatman #1 
p ap er. The papers  were developed two- d im ensionally  in  20% po tassium  
c h lo rid e -w a te r  and c h lo ro fo rm -a c e tic  ac id -w a te r  (2 :1 :1  v /v , o rg an ic  
p h a se ) . They were examined under u l t r a v i o l e t  l i g h t  and sp rayed  w ith  
d ia z o tiz e d  s u l f a n i l i c  a c id  re a g e n t. Q uerce tin  was th e  only  compound 
found on th e se  p ap ers .
CHAPTER VI
THE ISOLATION AND IDENTIFICATION OF THE METHYL ETHERS 
OF QUERCETIN IN TOBACCO FLOWERS
c
I s o la t io n  o f  Q u erce tin  Methyl E th ers
Samples, each c o n ta in in g  100 g. o f powdered, o v en -d rie d  flo w ers  
from tobacco  p la n ts ,  N ico tian a  tabacum . O ne-sucker v a r ie ty ,  grown in  th e  
greenhouse a t  Argonne N a tio n a l L abora to ry  during  1958, were e x tra c te d  
w ith  500 ml. p o r tio n s  o f  th e  fo llo w in g  so lv e n ts  in  th e  o rd e r named: 
n -p en ta n e , benzene, ch lo roform , e th y l  a c e ta te ,  and ace to n e . Every 500 
ml. e x t r a c t  was co n c e n tra te d  in  vacuo to  5 ml. and s tu d ie d  by p ap er ch ro ­
m atography. The f lav o n o l e th e r s  were p r im a r ily  in  th e  ch lo ro fo rm  f r a c t io n ,  
a lthough  a t  l e a s t  two such compounds were p re se n t in  sm all amounts in  th e  
e th y l a c e ta te  e x t r a c t .
Each 5 ml. ch lo ro fo rm  c o n c e n tra te  was s tre a k e d  on to  e ig h t  sh e e ts  
o f  Whatman #3MM chrom atography paper (approx im ate ly  7" x 22 1 /2 ” ) ,  and th e  
chromatograms were developed in  15% a c e t ic  a c id -w a te r  fo r  about 24 h o u rs . 
The upper p a r t  o f  each chromatogram c o n ta in in g  th e  m e th y la ted  f la v o n o l com­
pounds, which moved only  a r e l a t i v e ly  s h o r t d is ta n c e  in  t h i s  s o lv e n t ,  was 
c u t ou t and sewn onto a new sh e e t o f  S & S #589 red  rib b o n  chrom atography
c
The i s o la t io n  and s e p a ra t io n  o f  th e  compound and i t s  déméth­
y la t io n  were c a r r ie d  ou t by Dr. C. H. Yang and i s  in c lu d ed  h e re  fo r  
com pleteness.
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p ap er. Each sh e e t was th e n  developed in  n -b u ta n o l- a c e t ic  a c id -w a te r  
(6 :1 :2  v /v ) .  A fte r  d ry in g , th e  papers  were viewed under long  w avelength 
u l t r a v i o l e t  l i g h t  (3660 A °). A dark brown zone was seen  n e a r  th e  so lv e n t 
f r o n t ;  i t  was p o o rly  se p a ra te d  from some b lu e - f lu o re s c in g  m a te r ia l .  The 
b road , dark  brown zone c o n ta in in g  th e  m ix tu re  o f su sp e c te d  m e th y la ted  f l a -  
vonols was c u t from each chromatogram, e lu te d  w ith  m ethanol, and then  sub­
je c te d  to  f u r th e r  ex tended chrom atography, f i r s t  in  15% a c e t ic  a c id  fo r  
36-48 h ou rs , then  on f re s h  s h e e ts  in  60% a c e t ic  a c id -w a te r . The l a t t e r  
e f f e c te d  s e p a ra t io n  o f th e  q u e rc e tin  d im ethyl e th e r  from  a  t r a c e  amount 
o f  a brown f lu o re s c in g  zone which had th e  same m o b ility  as a u th e n tic  quer- 
c e tin -3 -m e th y l e th e r  on pap er chromatograms (Table 7 ) .  The y ie ld  o f  th i s  
l a t t e r  compound from th e  1958 tobacco flow ers was i n s u f f i c i e n t  to  confirm  
i t s  i d e n t i t y .  A fte r  e lu t io n  o f  th e  brown f lu o re s c in g  zone c o n ta in in g  th e  
q u e rc e tin  d im ethyl e th e r ,  th e  m ethanol e lu a te s  were s u b je c te d  to  f u r th e r  
chrom atography on S & S #589 p aper u s in g  fo u r d i f f e r e n t  s o lv e n t system s 
in  t h i s  o rd e r : 15% a c e t ic  a c id -w a te r , e th y l a c e ta te - fo rm ic  a c id -w a te r
(1 0 :2 :3  v /v ,  upper la y e r ) ,  n -b u ta n o l- a c e t ic  a c id -w a te r  (6 :1 :2  v /v ) ,  and 
f i n a l l y  60% a c e t ic  a c id -w a te r . The q u e rc e tin  d im ethy l e th e r  zone o f  each 
chromatogram was then  pu re  enough fo r  id e n t i f i c a t i o n  s tu d ie s .
I d e n t i f i c a t io n  o f  Q u erce tin -3 . 3*-D im ethyl E th er 
On paper chromatograms th e  q u e rc e tin  d im ethy l e th e r  e x h ib ite d  
a dark  brown f lu o re sc e n c e  under u l t r a v i o l e t  l i g h t .  A f te r  th e  compound 
had been sprayed  w ith  a  1% s o lu t io n  o f  aluminum c h lo r id e  in  e th a n o l, i t  
gave a  yellow  f lu o re sc e n c e . F lavone aglycones such as  a p ig e n in  (4*, 5, 
7 - tr ih y d ro x y f la v o n e ) , f la v o n o l g ly c o s id es  such as i s o q u e r c i t r in  (q u er- 
c e t in -3 -g lu c o s id e ) ,  and c e r t a in  3-m ethyl e th e rs  o f  f la v o n o ls  such as
TABLE 7
Rg VALUES OF METHYLATED COMPOUNDS 
(D escending  Chrom atogram s)
Compound
15% A c e tic  
A cid-W ater
60% A c e tic  
A cid-W ater
n -B u ta n o l-  
A c e tic  A cid- 
W ater ( 6 :1 :2  
v /v )
N itro m eth an e - 
B enzene-W ater 
(2 :3 :5  v /v  
u p p e r la y e r )
Q u e rc e tin -3 -m e th y l e th e r 0 .1 8 0 .6 5 0 .8 8 0 .13
Q u e rc e t in -3 , 7 -d im e th y l e th e r 0 .1 9 0 .7 3 0 .89 0 .85
Q u e rc e tin -3 -m e th y l e th e r  
(from  to b acco ) 0 .17 0 .6 3 0 .8 7 0 .1 3
Q u e rc e t in -3 , 3 '-d im e th y l  e th e r  
(from  to b acco ) 0 .1 9 0 .7 2 0 .8 8 0 .8 5
Q u e rc e tin 0 .07 0 .4 0 0 .7 1 0 .0 4
m
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q u e rc e tin -3 -m e th y l e th e r  and q u e rc e tin -3 , 7 -d im ethyl e th e r  e x h ib it  t h i s  
f lu o re sc e n c e  b eh av io r.
A fte r  th e  i s o la te d  tobacco  q u e rc e tin  dim ethyl e th e r  was r e ­
flu x ed  w ith  h y d ro io d ic  a c id , s p e c if ic  g ra v ity  1 .7 , fo r  fo u r hou rs , a 
p ro d u c t was o b ta in ed  which proyed to  be q u e rc e tin  (3 , 3 ' ,  4 ' ,  5 , 7- 
p en tah y d ro x y flav o n e). I d e n t i ty  was e s ta b l is h e d  by com parison o f  c o lo r  
t e s t s ,  f lu o re sc e n c e , and co-chrom atography w ith  a u th e n tic  q u e rc e tin  in  
f iv e  d i f f e r e n t  so lv e n t system s.
An a ttem p t was made to  hydro lyze  th e  q u e rc e tin  d im ethyl e th e r  
from tobacco by h e a tin g  in  TL s u l f u r ic  a c id  s o lu tio n  fo r  12 hours on a 
steam  b a th . No sugar was found on paper chromatograms o f th e  re a c t io n  
m ix tu re  no r was th e re  any s ig n i f i c a n t  change observed in  th e  unknown com­
pound, a lthough  a t r a c e  o f  some n o n -flav o n o l m a te r ia l  cou ld  be lo c a te d  on 
th e  chromatogram. The method o f  Ju rd  and Horowitz (35) was used  to  he lp  
e s ta b l i s h  th a t  th e  hydroxy on carbon 3 i s  covered . When one adds sodium 
e th y la te  to  th e  anhydrous e th an o l s o lu t io n  o f th e  unknown, i f  one o r  b o th  
o f  th e  hydroxyl groups in  th e  3 o r  4* p o s i t io n s  a re  covered, th e n  th e re  
i s  a  s h i f t  in  th e  long w avelength band. The susp ec ted  d im ethyl confound 
s h i f te d  from 358 m^ to  410 njA in d ic a tin g  th a t  one o r  both  hydroxyl 
groups a re  covered  (F ig u re  11).
These t e s t s  in d ic a te d  th a t  th e  unknown conçound was n o t a 
flav o n e  nor a  g ly c o s id e  o f  q u e rc e tin .
A fte r  th e  tobacco q u e rc e tin  dim ethyl e th e r  was re f lu x e d  w ith  
d im ethy l s u l f a t e  and sodium ca rb o n a te  in  ace tone fo r  s ix  hours, th e  p ro ­
duct f lu o re sc e d  b lu e  under u l t r a v i o l e t  l i g h t  and was id e n t i f i e d  as q u e r­
c e t in - 3 ,  3 ' ,  4*, 5 , 7-pentam ethyl e th e r  by chrom atographic com parison
FIGURE 11
SPECTRAL SHIFTS OF QUERCETIN 3 , 3 ’ -DIMETHYL ETHER
—  E th an o l
 E th a n o lic  Sodium A c e ta te
 Sodium E th y la te
1.0
0 .9
0 . 8
0 .7
m 0 . 6
g
® 0 .5I—I 
<8 U 
•H
Ck.o
0 .3
0 . 2
0.1
230 my 250 my 300 m^ 350 m 400 m 430 m
W avelength
<T>
62
w ith  an a u th e n tic  sam ple. Thus, th e  unknown was d e f in i te ly  a m ethyl 
e th e r  o f  q u e rc e tin  w ith  a t  l e a s t  one methoxy group a t  th e  3 -p o s i t io n .
M ix tures o f  q u e rc e tin -3 -m e th y l e th e r  and q u e rc e tin -3 , 7- 
d im ethy l e th e r ,  which w ere sy n th e s iz e d  and p u r i f i e d  as d esc rib e d  in  
l a t e r  p a rag rap h s , cou ld  be r e a d i ly  s e p a ra te d  by pap er chrom atography 
u s in g  th e  so lv e n t system  n itro m eth an e-b en zen e-w ate r (2 :3 :5  v /v , upper 
la y e r )  w ith  Rg v a lu es  o f  0 .13  and 0 .85  r e s p e c t iv e ly .  The n a tu r a l ly  
o c c u rr in g  compound had an Rg v a lu e  o f  0 .83  in  t h i s  so lv e n t system , th u s  
in d ic a t in g  th e  l ik e lih o o d  o f  i t s  being  a  d im ethy l and n o t a monomethyl 
q u e rc e t in -3 -m ethy1 e th e r .
The f lu o re sc e n c e  was quenched by th e  a d d i t io n  o f a c e t ic  an­
h y d rid e  to  th e  s o l id  compound by th e  method o f  Kuhn and Low (3 6 ), in ­
d ic a t in g  a  f r e e  5-hydroxy group on th e  q u e rc e t in .  The re a c t io n  o f  th e  
is o la te d  compound w ith  a lc o h o lic  f e r r i c  c h lo r id e  s o lu t io n  lik e w is e  in ­
d ic a te d  a f r e e  p h en o lic  group a t  th e  5 -p o s i t io n .
The a d d itio n  o f  anhydrous sodium a c e ta te  to  th e  s o lu t io n  o f  
th e  tobacco  q u e rc e tin  d im ethyl e th e r  by th e  method o f  Ju rd  and Horowitz 
(35) caused a s h i f t  in  th e  sh o r t  w avelength  band o f  i t s  u l t r a v i o l e t  ab­
s o rp tio n  spectrum  (F ig u re  11) from 254 m|< to  275 va.fÀ . This in d ic a te s  
th a t  th e  7-hydroxy p o s i t io n  o f  th e  tobacco  q u e rc e t in  d im ethyl e th e r  i s  
open.
The long w avelength  band o f  th e  u l t r a v i o l e t  a b so rp tio n  spectrum  
o f  th e  tobacco  unknown d id  n o t s h i f t  when th e  e th a n o l s o lu tio n  was s a tu ­
r a te d  w ith  b o r ic  a c id  and anhydrous sodium a c e ta te  (3 7 ). Thus, a t  l e a s t  
one hydroxy l o f  th e  o rtho -d ihyd roxy  group ( 3 ' ,  4 ')  o f  q u e rc e tin  was 
b locked .
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D egradation  o f  th e  i s o la te d  tobacco q u e rc e tin  d im ethy l e th e r  
was c a r r ie d  ou t by d is s o lv in g  1 mg. o f th e  unknown in  30 ml. o f  a 2N 
s o lu t io n  o f  sodium hydrox ide  in  a  m ix tu re  o f 50% e th a n o l-w a te r  and 
ev ap o ra tin g  th e  s o lu t io n  to  d ryness  in  an oven a t  120° C. The re s id u e  
was d is so lv e d  in  w a te r , a c id i f i e d  w ith  h y d ro c h lo ric  to  a  pH o f 2, and 
e x tra c te d  fo u r tim es w ith  20 ml. p o r tio n s  o f e th e r .  The e th e r  s o lu t io n  
was c o n ce n tra te d  to  1 ml. and s tu d ie d  by paper chrom atography.
V a n i l l ic  a c id  (4-hydroxy-3-m ethoxybenzoic a c id )  was proved 
by paper chrom atography in  fo u r  d i f f e r e n t  so lv e n t system s (T able 8) 
and d is t in g u is h e d  from i s o v a n i l l i c  a c id  by th e  method o f  H erg ert and 
Goldschmid (2 7 ). Thus, th e  4*- p o s i t io n  o f th e  tobacco q u e rc e tin  d i ­
m ethyl e th e r  has a f r e e  p h en o lic  group, whereas th e  3 ' - p o s i t io n  has a 
methoxy group on i t .  The s t r u c tu r e  o f  th e  i s o la te d  tobacco  compound i s  
th e re fo re  q u e rc e tin  3, 3 ’ -d im e th y l e th e r .
P re p a ra tio n  o f  Pure Q uercetin -3 -M ethy l E th e r and 
Q u e rce tin -3 . 7-D im ethyl E ther
These two compounds were sy n th es iz ed  by th e  method re p o r te d  by 
Pankajam ani and S esh ad ri (38) fo r  q u e rc e tin -3 , 7-d im eth y l e th e r .  On 
paper chrom atographic exam ination , th e  r e s u l t in g  m e thy la ted  q u e rc e tin  
p r e c ip i t a t e  appeared to  be a co m plica ted  m ix tu re  c o n ta in in g  probab ly  f iv e  
o r  more d i f f e r e n t  d e r iv a t iv e s  o f q u e rc e tin .  Using m ethyl a lc o h o l as th e  
suspending  medium, th e  p r e c i p i t a t e  was absorbed onto  Magnesol (Food 
M achinery and Chemical C o rp o ra tio n , New Y ork). The column was developed 
w ith  a so lv e n t system  c o n ta in in g  two p a r ts  o f w a te r - s a tu ra te d  e th y l  ace­
t a t e  and one p a r t  n itro m eth an e . The fas te r-m o v in g  b ro w n -flu o resc in g  m ate­
r i a l ,  w ith  some tr a c e s  o f b lu e - f lu o re s c in g  im p u r it ie s ,  moved ra p id ly  o f f
TABLE 8
CHROMATOGRAPHIC COMPARISON OF DEGRADATION PRODUCT TO VANILLIC ACID
S o lv e n t System
D e g ra d a tio n
P ro d u c t
V a n i l l i c
A cid
n-B utanol-E thanol-A m m oniuin C arb o n a te  
B u ffe r  (2 0 :1 1 :1 9 ) 0 .2 2 0 .2 2
C h lo ro fo rm -A ce tic  A cid-W ater ( 2 :1 :1 ) 0 .9 5 0 .9 6
n -B u ta n o l-A c e tlc  A cid-W ater (6 :1 :2 ) 0 .9 3 0 .9 6
20% P o ta ss iu m  G h lo rid e -W ate r 0 .4 7 0 .5 1
a*
th e  column, le a v in g  th e  m ajor p o r t io n  o f  b lu e - f lu o r e s c in g . s u b s ta n c e s ,on ■ • 
th e  column. T h e .e lu a te s  c o n ta in in g  th e  b ro ;m -flu o re sc in g .m ix tu re  were • . •
th en  fu r th e r  p u r i f  ie d  by extended paper chrom atography u s in g , '. in  o rd e r ; 
th e  so lv e n t system s 60% a c e t ic  a c id -w a te r , 15% a c e t ic  ac id -w ater,;:.and .' 
n itro m eth an e-b en zen e-w ate r (2 :3 :5  v /v , upper la y e r )  f o r 'p u r i f i c a t io n . .o f  
th e  q u e rc e tin -3 -m eth y l e th e r .  To o b ta in  pure q u e rc e tin -3 , ,7 -d im ethy l.. . 
e th e r ,  th e  60% a c e t ic  a c id , n itro m eth an e-b en zen e -w ate r, and f i n a l ly  60% .. .
a c e t ic  a c id  system s were used . Each o f  th e se  compounds was e lu te d  from 
i t s  f i n a l  chromatogram w ith  50% m ethyl a lc o h o l-w a te r . The p u r i f i e d  quer- 
c e tin -3 -m e th y l e th e r  checked in  every re s p e c t  ( f lu o re s c e n c e , v a lu e s , 
c o lo r  t e s t s ,  and s p e c t r a l .s t u d ie s )  w ith  a u th e n tic  q u e rc e tin -3 -m e th y l 
e th e r ,  which was k in d ly  fu rn ish e d  by Dr. R. M. H orow itz, U .S.D.A. F r u i t  
and V egetab le  L ab o ra to ry , Pasadena, C a l i f o r n ia .  The 3-m ethyl e th e r  had 
an a b so rp tio n  peak s h i f t  from 257 m to  272 mj* when t r e a te d  w ith  an­
hydrous sodium a c e ta te .  The s h i f t  on tre a tm e n t w ith  sodium e th y la te  was 
from 359 m ^  t o  410 m yx . The id e n t i ty  o f  th e  p u r i f i e d  s y n th e t ic  q u e r­
c e t in -3 ,  7-d im eth y l q u e rc e tin  was checked.U sing s im i la r  p rocedu res  to  
th o se  d esc rib e d  above fo r  th é  d e te rm in a tio n  o f  th e  s t r u c tu r e  o f  th e  to ­
bacco q u e rc e tin -3 ,  3 ’ -d im ethy l e th e r  i s o la te d  from tobacco . Kuhn and .
Low’ s t e s t  showed th e  p resen ce  o f a  f r e e  5-hydroxyl, group. . S p e c t r a l 'p ro ­
cedures o f  Ju rd  and Horowitz r e s u l te d  in  à. s h i f t  o f  th e  a b so rp tio n  peak 
from 358 m ^  to  404 m ^ when t r e a te d  w ith  sodium e th y la te  and in d ic a te d  • 
th e  co v erin g  o f  e i t h e r  3 o r '4*. hydroxy.- Treatm ent' w ith  anhydrous sodium - 
a c e ta te  d id  n o t r e s u l t  in  a s h i f t  and th u s  in d ic a te d  a c o v e re d .7 hydroxy 
group. J u r d 's  s p e c t r a l  t e s t  fo r  a f r e e  dihydroxy group was p o s i t iv e ,  and 
on d eg rad a tio n  th e  compound produced 3, 4 -d ihydroxybenzo ic  a c id i The
.s y n th e t ic  compound was th e re b y  e s ta b l is h e d  to  b e . th e  3, 7 -d im ethy l e th e r  
of. q u e rc e tin .
CHAPTER' VII
•SUMMARY
T h e 's y n th e s is -o f  s c o p o le t in  from e sc u lir i  v ia  b e n z y la tio n  as • 
d e sc r ib e d  in  t h i s  d i s s e r t a t io n  is  th e  f i r s t ,  method' re p o r te d  th a t  w i l l  
g ive  an o v e ra l l  y i e ld  h igh  enough to  make th e  s y n th e s is  o f la rg e  amounts 
o f  t h i s  .compound p r a c t i c a l .
• • • th e  s o lu t io n  o f . th e  sy fith e sis . problem  made p o s s ib le  th é  study  
o f  th e  u r in a ry  m e ta b o li te s  o f s c o p o le t in . Jh e  m e ta b o li te s  id e n t i f i e d  
from r a t s  fed  s c o p o le t in  were e s c u le t in ,  unchanged s c o p o le t in ,  sco ­
p o le t in  g lu cu ro n id e  an d  sco p o l'e tin  s u l 'f a te .  .The f in d in g  o f  e s c u le t in  
as .one of. th e  m e ta b o li te s  was q u ite  .unexpected s in c e  d ém éthy la tion  o f 
p h en o lic  e th e r s : in .  b io lo g ic a l  system s h a s .n o t  been p re v io u s ly  proved.
The in v e s t ig a t io n .a s  to  th e  u r in a ry  m e ta b o li te s  produced when 
anim als a re  fed  e s c u l in  and e s c u le t in  r e s u l te d  in  th e  id e n t i f i c a t i o n  
thus f a r  o f  s c o p o le t in ,  6-hydroxy-7-m ethoxycoum arin, e s c u le t in  s u l f a t e ,
6 -hydroxy-7-methoxycoum arin s u l f a te  and e s c u le t in  g lu cu ro n id e .
A d m in is tra tio n  o f q u e rc e tin  to  r a t s  r e s u l te d  in  th e  e x c re tio n  
o f  numerous p h e n o lic  breakdown p ro d u c ts . ' The compounds id e n t i f i e d  were
3-, 4 -d ih y d ro x y p h en y lace tic  a c id , m -hydroxyphenylacetic  a c id , m-hydroxy­
cinnam ic a c id , m -hydroxyphenylpropionic a c id , v a n i l l i c  a c id , homova­
n i l l i c  a c id , and t e n ta t iv e ly ;  m-hydroxybenzoic a c id . A n e u t ra l  compound 
was i s o la te d  and c h a ra c te r iz e d  as an o -d ihydroxy la c to n e ; i t .  may be th e
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key to  what happens to  th e  p h lo ro g lu c in o l p o r tio n  o f th e  m olecu le .
The absence o f  m -hydroxyphenylacetic a c id  when th e  anim al was fed  3,
4 -d ih y d ro x y p h en y lace tic  a c id  c re a te d  doubt as to  th e  v a l id i t y  o f DeEds 
th eo ry  th a t  th e  m -hydroxyphenylacetic was produced from th e  3, 4 - d i ­
hyd roxypheny lacetic  a c id . F u rth e r  ex p erim en ta tio n  is  needed, however, 
b e fo re  one draws any d e f in i te  co n c lu sio n  on th i s  p o in t .
The appearance o f 5, 7, 3 ' ,  4 ' - te tra m e th y lq u e rc e tin  in  th e  
u r in e  o f  an anim al th a t  was fed  t h i s  compound is  p ro o f o f  a b so rp tio n  
o f th e  in t a c t  m olecule in  a t  l e a s t  th a t  one in s ta n c e . The absence o f 
p h en o lic  a c id s  in  th e  above case  le d  to  th e  assum ption th a t  to  have 
breakdown, c e r t a in  o f th e  hydroxy groups o f  q u e rc e tin  d e r iv a t iv e s  must 
be f r e e .
The experim ents w ith  g a s t r i c  mucin s tro n g ly  in d ic a te d  th a t  
th e  breakdown which took p la c e  was n o t an enzym atic r e a c t io n .  The 
breakdown was much too slow and th e  a c t iv e  f r a c t io n  was d ia ly z a b le .
The experim ent w ith  th e  t i e d - o f f  anim al stomachs proved r a th e r  conclu ­
s iv e ly  th a t  q u e rc e tin  breakdown d id  n o t occur in  th e  stomach under th e  
ex p erim en ta l co n d itio n s  used .
Two q u e rc e tin  m ethyl e th e rs  i s o la te d  from tobacco were ch a r­
a c te r iz e d .  One o f them was id e n t i f i e d  co n c lu s iv e ly  as th e  3 , 3 ' - d i ­
m ethyl e th e r  o f  q u e rc e tin . The o th e r  was te n ta t iv e ly  id e n t i f i e d  as th e  
3-m ethyl e th e r  o f  q u e rc e tin .
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